1958 REGIONAL MEETING — DETROIT— OCTOBER 27-29, 1958 


JUNE 1958 JOURNAL 


No. 12 
VOL. 29 OF THE 


AMERICAN 


CONCRETE 
INSTITUTE 


THIS MONTH 


Papers and Reports 1017-1142 


Long-Time Study of Cement Performance in Concrete. 
Chapter 11—Report on the Condition of Three Test 
Pavements After 15 Years of Service. . 
FRANK H. JACKSON 1017 
Static and Fatigue}Strength in Shear of Beams with 
Tensile ews a 
TIE? HANG and CLYDE E. ‘ESLER 1033 
Uniform ad Lightweight 7 henttor Concrete 
Through Careful Proportioning and Control. 
PAUL J. FLUSS 1059 
Effect of Mixing and Curing Temperature on Concrete 
Strength PAUL KLIEGER 1063 
Precast Reinforced Concrete Slab are with Stiffened 
Edges - ANDREW GALLIA 1083 
Proportioning Concrete Mixtures Using Fly Ash... .. 
c VEWELL and GEORGE W WAS HA 1093 
Military Personnel Records Center Built Without Ex- 
pansion Joints ” 
EARL B. COHN and W. A. WALL 1103 
Creep and Creep-Recovery of Concrete Under High 


eet wy — 
M. FREUDENTHAL and FREDERIC ROLI 1111 


Concrete Briefs 1143-1148 
Current Reviews 1149-1156 


Discussion 1157-1216 
Discussion contents listed on back cover 


News Letter 








Pocketsize Guide 
to a Big Job... 


ACI MANUAL of 
CONCRETE INSPECTION 


Third Edition N 
Committee 611, Inspection of Concrete 


A comprehensive handbook with both the “why” and “how” 
of inspection, in convenient durable form. 


From concrete fundamentals to the latest developments in con- 
struction, the manual covers problems and techniques in concrete 
inspection clearly and completely. Written and bound for use at 
the construction site as well as the laboratory and design office, 
the manual! is a key tool for the concrete inspector and a valuable 
aid to anyone responsible for workmanship in concrete, 


7, (Price $3.50—ACI Members $1.75) 
SAG 


4 
Cce PUBLICATIONS 


OSS P.O. Box 4754, Redford Station Detroit 19, Mich. 




















JUNE 1958 

No. 12 

Vol. 29 
PROCEEDINGS VOL. 54 


Cost per copy $1.50. Extra 
copies to ACI members $1.00. 


Papers, committee reports, and other 
contributions to the Proceedings pages 
of this Journal, as submitted in further- 
ance of Institute objectives, are, if 
published, accepted on the sole re- 
sponsibility of their authors. Institute 
authority attaches only to standards 
adopted as provided in the Bylaws. 


Advertising. See statement under 
“Alphabetical List of Advertisers,” 
final page News Letter section. 


Membership dues and Journal sub- 
scription rates. Members receive the 
Journal as one of the considerations 
of dues payment. Membership 
grades are: Individual (U. S., its 
possessions, and North and Central 
America), $15, Individual (4iJ other 
foreign countries), $12, Corporation, 
$50, Contributing, $100, Junior, 
$7.50, Student, $5. Subscription 
price is $18 per year, payable in 
advance. The Journal is issued 
monthly, July to June (the volume 
year being completed by title page, 
contents, indexes, and closing dis 
cussion in Part 2 of the subsequent 
September and December issues). 


Bound volumes 1 to 53 of PROCEED- 
INGS of the AMERICAN CON 
CRETE INSTITUTE (1905 to 1957) are 
for sale as far as available at prices 
to be had on inquiry of the Secretary 
Treasurer. Special prices apply for 
members ordering bound volumes in 
addition to the monthly Journal. 


Address: American Concrete Insti- 
tute, P.O. Box 4754, Redford Station, 
Detroit 19, Mich. Copyright, 1958, 
American Concrete Institute. Printed 
in U. S. A. Entered in the Post Office 
at Detroit, Mich., as mail of the sec 
ond class under provisions of the Act 
of Mar. 3, 1879. 





JOURNAL 


OF THE 
AMERICAN 
CONCRETE 
INSTITUTE 


Published by the American Concrete Institute under the 
authority of its Board of Direction 


President 
DOUGLAS McHENRY 


Vice-Presidents 
PHIL M FERGUSON 


Directors 
ARSHAM AMIRIKIAN BRYANT MATHER 
WILLIAM H. ARMSTRONG RAYMOND C., REESE 
S. J. CHAMBERLIN LEWIS H. TUTHILL 
CLAYTON L. DAVIS C. D. WAILES, JR 
BRUCE E. FOSTER STANTON WALKER 
ROBERT C. JOHNSON CEDRIC WILLSON 


Past Presidents 
CHARLES S. WHITNEY 
FRANK KEREKES WALTER H, PRICE 


Secretary-Treasurer Technical Director 


WILLIAM A. MAPLES PAUL F. RICE 


Managing Editor Advertising Manager 
ROBERT E. WILDE CHARLES L. COUSINS 


Manager, Publication Sales Membership Secretary 
ISABELLE DAVIS EVELYN SCHLITZ 





the ACI JOURNAL 


is edited by the Secretary of 

the Technical Activities Com- 

mittee under the direction of 
the Committee 


WALTER J. McCOY 


Chairman 


DOUGLAS McHENRY 


(ex officio) 


WILLIAM A. MAPLES 
Secretary 


G. E. BURNETT 
E. A. FINNEY 
CLYDE E. KESLER 
BRYANT MATHER 
MICHAEL V. PREGNOFF 


L. H. TUTHILL 


WILLIAM A. MAPLES 
Editor 


ROBERT E. WILDE 
Managing Editor 


MARY K. HURD 
Associate Editor 


MARIAN PATTEN 
Editorial Assistant 


RUTH GABLE 
Editorial Secretary 





Coming next month 
in the JOURNAL 


Four recently adopted ACI standards will be pub- 
lished in their entirety in the July issue of the 


JOURNAL: 


“Test Procedure to Determine Relative Bond Valu 
of Reinforcing Bars (ACI 208-58)’’ 
“Recommended Practice for Design of Concrete 
Pavements (ACI 325-58)” 
‘Specifications for Concrete Pavements and Con- 
crete Bases (ACI 617-58)” 
Minimum Standard Requirements for Precast Con- 
crete Floor and Roof Units (ACI 711-58)” 
e 
Part I of a series of four papers dealing with ‘Origin, 
Evolution, and Effects of the Air Voids System in 
Concrete,” by Ricuarp C. Mietenz, Viapimir EF. 
Wo.koporr, JAmMes E. Backstrom, and Harry L. 
FLACK is scheduled for next month. Parts IT, III, 
and IV will be published in consecutive issues of the 
JOURNAL. 
2 
“Load Test on Flat Slab Floor with Embedded Steel 
Grillage Caps Was prepared by Donatp D 
Meiset, Cyrrit LD. JENSEN, and Water H. 
WHEELER. 
we 


“Heavy-Media Processing of Gravels in New 


Brunswick” by I. D. MacKenzie describes proce- 


dure for removal of low specific gravity materials 
from aggregate to produce concrete with satis- 
factory resistance to freezing and thawing. 

*- 
General design data for four prestressed concrete 
highway bridges and two prestressed concrete 
railroad bridges are included in “Large Seale Test 
of 120-Ft Span Precast, Prestressed Bridge Girder’’ 
by Faztur R. Kuan and ANprew J. Brown 
Bridges were built at the new U. 8. Air Force 
Academy site in Colorado. 


Manuscripts of papers, discussions, and reports 


should be sent in triplicate to: 


Secretary, Technical Activities Committee 


AMERICAN CONCRETE INSTITUTE 
P. O. BOX 4754, REDFORD STATION, DETROIT 19, MICHIGAN 





Title No. 54-59 


Long-Time Study of Cement Performance in Concrete 


Chapter 11—Report on the Condition of Three 
Test Pavements After 15 Years ot Service 


By FRANK H. JACKSON 


SYNOPSIS 


This report discusses the present condition of three test pavements built 
about 15 years ago. One pavement is in western New York in a region subject 
to severe natural weathering, one in central Missouri where exposure condi- 
tions are moderately severe, and one in western South Carolina where mild 
weather prevails. Twenty-seven cements, differing widely in their chemical 
and physical properties, were used in these pavements. 

After 15 years service the New York pavement exhibits surface scaling in 
varying amounts on almost all sections containing the non-air-entraining 
cements. However, except for the Type 1V and Type V cements, there is no 
indication that any one non-air-entraining cement or type of non-air-entraining 
cement is more resistant to scaling than another. Type IV and Type V cements 
show greater average resistance to scaling than the other non-air-entraining 
types All sections containing air-entraining cements are still completely free 
from surface scale 

(side from some light seale or surface wear on the South Carolina project and 
some l)-cracking on the Missouri road, neither of which can be associated in 
any way with a particular cement or cement type, all of the cements have per- 
formed equally well on both projects. Under the conditions prevailing on 
these projects, variations in the chemical composition and fineness of the ce- 
ment, within the limits represented by this study, appear to be without sig- 


nificance Insolar as resistance to freezing and thawing Is concerned 


INTRODUCTION 


\bout 15 years ago, the Portland Cement Association, in cooperation with 
a number of federal, state, and private agencies, initiated an extensive field 
program to study cement performance in concrete. This investigation was 
the outgrowth of a suggestion made by P. H. Bates, then chief of the division 
of clay and silicate products at the National Bureau of Standards and also 
chairman of the American Society for Testing Materials Committee C-1 on 
cement. It was at about this time that ASTM adopted the five-type specifi- 
cation for portland cement, thus breaking away from the “single standard”’ 
philosophy which had dominated the committee’s thinking for many years. 

*Received by the Institute Feb. 7, 1958. Title No. 54-59 is a part of copyrighted JouRNAL or THE AMERICAN 
Concrete Institute, V. 29, No. 12, June 1958, Proceedings V. 54. Separate prints are available at 60 cents each. 
Discussion (copies in triplicate) should reach the Institute not later than Sept. 1, 1958. Address P. O. Box 4754 


Redford Station, Detroit 19, Mich. 
tMember American Concrete Institute, Consulting Engineer, Chevy Chase, Md 
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During the decade just preceding this ASTM action, there were many 
discussions regarding the desirability of setting up requirements to cover 
portland cement to meet specific needs, such as early strength, low heat of 
hardening, and sulfate resistance. Also, many user organizations, not satisfied 
with ASTM’s single standard, were issuing their own specifications. These 
included the highway departments of New York and certain other states 
whose specifications included special requirements covering compound com- 
position; the specifications for ‘‘low-heat”’ and ‘‘moderate-heat”’ cements of 
the U. S. Bureau of Reclamation and the Federal Specification Board; the 
“Type B” cement specifications of the Tennessee Valley Authority; and, 
finally, the elaborate specifications covering manufacturing controls issued 
by the New York Board of Water Supply under guidance of the late Thaddeus 
Merriman. 


One of the most controversial questions involved in these discussions 
concerned the need for a so-called Type II cement and, if such a need existed, 
whether it should be considered as an improved “general purpose’? cement or 
merely defined as a moderate-heat cement. Those in favor of the first posi- 
tion cited numerous laboratory data, including extensive tests by the U. 8. 
Bureau of Reclamation which showed that resistance to frost action was im- 
proved by limiting the quantity of potential tricalcium aluminate (C;A) in the 
cement. Those in favor of the second position pointed to the excellent service 
records of many concrete structures containing cements high in C;A. The 


final decision of the ASTM was to delete reference to improved durability 
in the specifications for Type II cement and to consider it strictly as a cement 
with moderate heat of hydration and moderate sulfate resistance. 


Another problem giving much concern 15 years ago was surface deteriora- 
tion. Pavements in many of the northern states where chemicals were being 
used for ice removal were beginning to scale badly and, in some cases, to 
develop D-lines* (cracks) along joints and cracks which, it was feared, might 
be the prelude to early disintegration. Highway engineers were greatly con- 
cerned and they scrutinized cement as one possible source of trouble. At 
that time the great improvement in the durability of concrete made possible 
by the use of air entrainment was just beginning to be realized, and many 
engineers were not convinced—incidentally some of them are still not con- 
vinced—that the answer to the durability problem lay in the proper applica- 
tion of this principle rather than in restrictions in the chemical composition 
of the cement. 


The foregoing constitute some of the reasons that prompted Mr. Bates 
to suggest to Frank Sheets, then president of the Portland Cement Associa- 
tion, that the industry sponsor a program to study the performance of cement 
in job-size concrete structures of various types and so located as to be ex- 
posed to a wide variety of climatic conditions. The idea met with ready 


*In a concrete pavement, deterioration due to weathering is usually evidenced first by the appearance of fine, 
more or less closely spaced parallel surface cracks along the joints and structural cracks and sometimes along the 
free edges of the pavement slab. These cracks are frequently filled with a dark colored deposit 


principally calcium 
carbonate—whence the name “‘D-cracks”’ or ‘‘deposit-cracks. 
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acceptance, and the Portland Cement Association appropriated $350,000 to 
carry out the work. An advisory committee was appointed, consisting of eight 
members representing consumer groups and four members representing the 
cement industry, with Mr. Bates as chairman. Several changes in the per- 
sonnel of this committee have since taken place, and the committee is now 
under the chairmanship of R. F. Blanks. This committee has had complete 
responsibility for the conduct of the investigation from the start. It de- 
veloped the original program and has reviewed and approved all progress 
reports thus far published. 


Long-Time Study cements 

Twenty-seven different portland cements, varying in physical and chemical 
properties through the entire range permitted under the then current specifi- 
cations of the American Society of Testing Materials (C 150) were used in 
these tests. Twenty-one of these cements were of the normal, non-air-en- 
training type then in general use and were classified as follows: eight were 
Type I; five, Type I1; three, Type III; four, Type 1V; and one, Type V. In 
addition, six air-entraining cements were made by intergrinding flake Vinsol 
resin with the clinkers used in making the corresponding non-air-entraining 
cements. Four of these were Type I; one, Type Il; and one, Type III. In the 
tables and discussion which follow, the various cements are identified by 
number, the first digit in each case indicating the type and the second digit 
the number of the cement within the type. The six air-entraining cements 
are identified by the letter ‘““T”’ immediately following the cement identifica- 
tion number. 


Test program 

With some exceptions, at least 24 of the 27 cements were used in each of a 
number of full-size and near full-size concrete structures located in various 
parts of the country. These included three concrete pavements, totaling 
approximately 6 miles of standard two-lane construction, one located in 
southwestern New York in an area subject to severe natural weathering, 
one in central Missouri where the exposure is moderately severe, and one 
in western South Carolina where mild weather conditions prevail. There 
are also four installations of reinforced concrete piles, three in salt water, 
and one in fresh. The test cements were also used in the parapet wall of an 
-arth-filled dam; in the walkway slabs of a multiple arch dam; in test speci- 
mens subject to action of alkali soils; and in two installations of near job- 
size specimens—one near Chicago, where exposure conditions are severe and 
the other near Macon, Ga., under mild exposure conditions. 

To minimize, insofar as practical, the effect of accidental variables, each 
cement was used a number of times in each structure. For example, on the 
New York test road, each cement was used in four test sections each 12 ft 


wide and 150 ft long. The cements were used in rotation, the sequence being 


such as to avoid abrupt changes in finishing characteristics. Not all of the 
cements were used in all of the structures. However, the entire 27 were used 
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approximately 80 times, with 22 cements being used 95 times. This, together 
with the fact that approximately 50,000 bbl of cement were required for the 
entire project, will give some idea of the magnitude of the operation. 

During the 15 years that have elapsed since these structures were built, a 
number of reports showing the progress of deterioration due to weathering 
have been issued. Most of these are readily available in the Proceedings of 
the American Concrete Institute. Several have also been issued as bulletins 
by the Portland Cement Association. <A list of published reports covering the 
project is given in the bibliography. 


THE TEST ROADS 


Three reports covering the test roads have already been published. The 
first of these appeared as a portion of a paper entitled ‘“‘Why Type II Cement?” 
prepared by the writer in 1949.8 This was followed by a more detailed report 
on the New York test road after 71 years of service.’ Finally, there appeared 
in 1953 the 10-year report on the Long-Time Study.'® In these reports the 
discussion, insofar as pavement performance was concerned, was confined 
entirely to the New York road. The only reference to the Missouri and South 
Carolina roads was to point out that at the end of 10 years exposure no dif- 
ferences in behavior attributable to cements had developed on either of these 
projects. 

In the present report it is proposed to discuss the condition of all three 
test roads as revealed by inspections made by the writer and others* during 
the summer of 1957. After 15 years exposure in actual service it should be 


possible to draw some rather definite conclusions regarding the comparative 
weathering characteristics of these cements. However, other factors in 
addition to the cement affect pavement durability. These include: (1) 
the physical properties and grading of the aggregates used in the concrete; (2) 
the proportions, including cement, water, and air content; (3) the consistency ; 


and (4) the methods of construction, particularly methods. of placing and 
finishing. Any comparisons of cement performance on the different roads 
must necessarily give consideration to these other factors. 


AGGREGATES 


Local aggregates were used on each project. These differed considerably 
in mineral composition as well as in grading, thus further complicating the 
comparisons of cement performance. 

A natural sand meeting state specifications 47L and two sizes of crushed 
gravel were used in New York. The fine aggregate was a moderately coarse 
sand containing about equal parts of quartz and feldspar and with about 60 
percent passing the No. 14 sieve and about 15 percent passing the No. 48 
“#*The following engineers participated in the 1957 inspections 

Missouri: D.G.Gothan, Missouri Highway Department; H. Allen and G. V. Joines, Bureau of Public Roads. 

South Carolina: Messrs. Herriot, Armstrong, and Beckham, South Carolina Highway Department; H. Allen 
and K. F, Shippey, Bureau of Public Roads; F. R. McMillan, consulting engineer; and C. C. Oleson, Portland 
Cement Association. 


New York: W. H. Ketchum, New York Department of Public Works; Messrs. H. Allen, Groves, and Mabel 
Bureau of Public Roads; and I. L. Tyler, Portland Cement Association. 
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sieve. Sodium sulfate loss averaged 7 percent at five cycles and 9 percent 
at ten cycles. The coarse aggregate was a crushed gravel of glacial origin 
composed of argillaceous sandstone with an appreciable amount of shale. 
The maximum size was 2 in. Sodium sulfate tests, run on separated sizes, 
averaged about 10 percent loss at five cycles and 27 percent loss at ten cycles. 

On the South Carolina project two sizes of fine and one size of coarse aggre- 
gate were used. A mixture of the two sands in the proportions used in the 
work showed 93 percent passing the No. 16 sieve and 17 percent passing the No. 
50 sieve. The combined fine aggregate was considerably finer than the sands 
used on either of the other projects. The coarse aggregate was a crushed 
granite ranging from 2 in. maximum size to No. 4. Sodium sulfate tests 


were run on separated sizes of the coarse aggregate with weight loss varying 


I 


from a maximum of 13 percent at five cycles for the 1!4~-2-in. size to less than 
| percent for the *4—11!4-in. size. 


Fine aggregate used on the Missouri project was a natural sand from Boon- 
ville, Mo., averaging about 75 percent passing the No. 16 sieve and about 10 
percent passing the No. 50 sieve. The coarse aggregates were two sizes of 
rather soft, high-absorption, crushed cherty limestone, the combined grading 
running from 1!5 in. maximum to No. 4. The coarse aggregate contained an 
appreciable amount of dust of fracture. Absorption averaged 2.6 percent. 


COMPOSITION OF THE CONCRETE 


Standard paving mixtures conforming to the requirements of the states 
involved were used for the non-air-entrained concrete on all of the projects. 
For the air-entrained concrete, the usual practice of reducing the sand con- 
tent by an amount necessary to maintain approximately the same cement 
content as in the non-air-entrained mixes was followed. In New York, actual 
cement content, as determined from field measurements, varied from a mini- 
mum of 6.0 sacks per cu yd to a maximum of 6.7 sacks per cu yd, with an 
average of about 6.5 sacks per cu yd.* In Missouri, the cement content 
ranged from 5.4 to 5.9 sacks per cu yd, with an average of 5.8. The range in 
South Carolina was from 5.5 to 6.0, with an average of 5.9. However, dif- 
ferences in cement content between individual cements on any one project 
did not, as a rule, exceed + 0.2 sack. Differences of this order are believed 
to be without significant effect on comparisons of cement performance. 


xcept for one group of sections where the amount of mixing water was 
increased to give a slump of about 5 in., the New York road program called 
for a 3-in. slump. Actually, due to poor water control, slump test results 
varied considerably, not only from section to section but also within each 
section. <A slightly drier mix averaging 2!5-in. slump with better water 
control was used in Missouri and South Carolina. Air contents of the non- 
air-entrained concrete, as calculated from the field measurements, generally 
averaged 1.0 percent or less. An exception to this was Cement 41. Air con- 


*Variations in cement content on the New York project are discussed in considerable detail in Reference 9. 
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tent of concrete containing this cement averaged 2.1 percent in New York, 
2.0 percent in Missouri, and 1.0 percent in South Carolina. This variation 
was probably due to the intermittent use of rosin as a grinding aid in the 
manufacture of this cement. 

Air contents of the air-entrained concrete varied from 2.5 to 6.2 percent 
in New York, from 2.7 to 3.7 percent in Missouri, and from 3.4 to 3.6 percent 
in South Carolina. With the exception of concrete containing Cement 16T, 
the air contents of all of the air-entrained concretes were low in terms of 
present-day practice; the average of all values was about 3 percent. 


METHODS OF CONSTRUCTION 


Construction practices followed those of the states involved. Types and 
efficiency of the power equipment used for placing and finishing varied con- 
siderably as between jobs. An old, underpowered, double-screed finisher 
was used in New York. In general, this equipment was not powerful enough 
to properly compact concrete of less than 4-in. slump. Furthermore, the 
operation of the equipment was inconsistent, the number of passes varying 


from one to as Many as seven in some cases. This variability of operation 
imposed an added burden on the longitudinal float that followed. In addition, 
the comparatively large number of low, honeycombed, or torn areas left by 


the transverse sereeds necessitated much more than the normal amount of 
“carry-back,” thus further increasing the burden on the finishing machines. 
The final finish was obtained by means of a 12 in. wide plywood belt followed 
by a burlap drag, and, finally, brooming with 20-in. stiff-fiber brooms. The 
record indicates that the amount of surface manipulation that followed the 
operation of power equipment was less than on the average construction 
operation. Cotton mats, placed as soon as the surface was hard enough to 
withstand damage, kept wet 3 days, and then removed, were used for curing. 
In South Carolina the only power equipment used to handle the concrete, 
after it had been deposited on the subgrade, was an old-type two-screed 
finisher which served also as a spreader. Number of passes varied from two 
to seven, with an average of about three. On this job a ‘‘Flexplane”’ machine 
was used to install a longitudinal premolded joint after which the surface 
was floated with hand-operated longitudinal float. The operation of this 
float varied widely, depending upon the degree of hardening which had taken 
place before the float was brought into operation. Sometimes it was used 
simply as a float, at other times as a combination tamper and float. Final 
finishing was by longitudinal steel straightedges followed by belting with a 
10-in. canvas belt and dragging with an 18-in. burlap drag. Curing was by 
the use of wet burlap for 10 hr followed by waterproof paper for 3 days. 
Concrete on the Missouri road was distributed on the subgrade with a 
power-screw spreader and finished with a two-screed finishing machine with 
tamper operating between the screeds. Both screeds and the tamper op- 
erated during the first pass, the screeds only during the second pass, A power- 
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operated longitudinal float followed, usually operating close to the finisher. 
This in turn was followed by straightedging with 10-ft steel straightedges 
and an 8-in. canvas belt. The final texture was obtained by brooming. Cur- 


> 


ing was by means of wet cotton mats applied for 3 days. 


CLIMATIC CONDITIONS 


As previously noted, the three locations were chosen to provide natural 
weathering conditions varying from the quite severe climate of southwestern 
New York, through the moderately severe climate of central Missouri, to 
the comparatively mild climate of western South Carolina. The principal 
difference in the conditions that prevail in New York as compared to Missouri 
and South Carolina lies in the average annual snowfall which is as high as 
95 in. in the vicinity of the New York road, compared to an average of 20 in. 
in Missouri and less than 1 in. in South Carolina. Total precipitation, on 
the other hand, averages about 50 in. per year in South Carolina as com- 
pared to 40 in. per year in Missouri and New York. Temperatures during 
the winter months are not greatly different in New York and Missouri, averag- 
ing only about 4 deg lower at the former location. From 1941 to 1956, the 
average number of days per month during which the temperature fell below 
32 F for the five winter months, November through March, was 21 in Missouri 
as compared to 24 in New York, not a great difference. In South Carolina 
the average temperatures were about 10 F higher. 

Due to ice conditions and to the heavy snowfall, ice control chemicals 
have been used quite extensively on the New York road, compared to a sparing 
use in Missouri and no use at all in South Carolina. It is believed that these 
chemicals (mostly sodium and calcium chloride) have probably contributed 
more to the surface scaling which has developed on certain non-air-entraining 
cement sections of the New York road than any other single factor. The fact 
that practically no scaling has developed on the Missouri road, where ice 
control chemicals were used only sparingly, confirms this observation. How- 
ever, none of the air-entrained concrete sections on the New York Test Road 
have scaled, even under the heavy and repeated applications of chemically 
treated abrasives to which they have been subjected. This will be discussed 
more fully in a following section. 


TRAFFIC CONDITIONS 


The average total daily traffic on the three test roads, based on 1957 surveys 
conducted by the Bureau of Public Roads, together with the number of 


vehicles having gross loads of over 9 tons and the approximate percentages 
of gross loads over 9 tons are given in Table 1. 

The average total daily traffic on the South Carolina road was over five 
times as great as reported for Missouri and almost four times as great as 
indicated for New York. However, the percentage of gross loads over 9 
tons was about the same in all cases. 
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TABLE 1—1957 TRAFFIC ON‘THE TEST ROADS 


Total average Approximate percent 
Project vehicles per day Gross loads of gross loads 
of 24 hr over 9 tons over 9 tons 


Missouri 1848 
South Carolina 10258 
New York 2743 


PRESENT CONDITION OF THE TEST ROADS 


New York 


The New York test road constitutes Project 1 of the Long-Time Study 


It is 2.6 miles long, located in southwestern New York on State Route 17, 
between Wellsville and Bolivar. It was constructed during late summer and 
fall of 1942 and has therefore gone through 15 winters. The test road is 
divided into three parts, designated as Project 1, 1A and 1B. Project 1 con- 
tains 24 of the test cements (all 21 of the non-air-entraining and three of the 
air-entraining cements) and was designed to compare them on the basis of 
their resistance to frost action uncomplicated by the action of chloride salts. 
Unfortunately, it was found necessary as early as 1945 to apply ice control 
chemicals to certain portions of Project 1, including the sections lying on a 
slight grade immediately west of the village of Allentown, as well as to certain 
sections east of the town. It is rather difficult to make comparisons based on 
the effect of natural weathering alone since precise locations in which the ice 
control chemicals were employed cannot be clearly defined. 

Project 1A was set up to study the effect of using a somewhat wetter mix 
(5-in. slump) as compared to the 3-in. slump used in Project 1. Three of the 
non-air-entraining cements used in Project 1 together with their air-entraining 
counterparts (a total of six cements) were used in this project. 

Project 1B contains six of the non-air-entraining cements together with 
their air-entraining counterparts, 12 cements in all. These sections were 
constructed on a fairly steep grade at the east end of the test road where it 
was anticipated that ice control chemicals would be used regularly. 

The New York test road has been inspected approximately annually since 
its construction. The writer has participated in a number of these inspec- 
tions, including the most recent made in June, 1957. A complete record 
of the behavior of the test sections including structural cracking, which has 
been extensive, has been obtained. However, in accordance with the primary 
objectives of the Long-Time Study, principal emphasis has been directed 
toward obtaining evidence indicative of lack of durability or weather resistance. 
Careful notes were taken during the earlier inspections regarding the condi- 
tion of the joints, including the formation of D-cracks,* spalling, raveling, 
and sealing. The formation of D-cracks along construction joints and struc- 
tural cracks was formerly considered quite significant as indicating a ten- 


*See definition in footnote, p. 1018. 





LONG-TIME STUDY OF CEMENT PERFORMANCE 1025 


dency toward premature weathering or lack of durability of the concrete 
slab as a whole. However, continued observation of this and many other 
concrete roads has indicated that progressive deterioration following D- 
cracking is usually confined to the vicinity of the joint itself and does not, as 
a rule, progress to the interior of the slab. On the New York test road, the 
D-cracking noted in the earlier reports has probably progressed by now toa 
condition where raveling or scaling along the joint has occurred. This is 
the usual result of D-cracking. However, the practice of overfilling the 
joints with asphalt during routine maintenance operations usually leaves 
an excess of asphalt in the surface which has prevented any detailed examina- 
tion of the concrete in this case. For this reason no attempt to rate the joints, 
as in previous inspections, was made in 1957. Attention of the observers 
was confined to recording to the nearest 5 percent the appreciable amount of 
surface scale that has developed on most of the non-air-entrained sections. 
Table 2 shows in round figures the amount of surface scale (expressed 
as a percentage of the total area of the slab) that has occurred on Project 1 
as of: March, 1945; August, 1951; June, 1955; and June, 1957. Although, as 
previously stated, no sections on this portion of the test road were supposed to 
have been salted, the record shows that beginning in 1945 several areas, in- 
cluding the grade west of Allentown, have had intermittent applications of 
chemically treated abrasives. Since it is impossible to identify with cer- 
tainty the exact boundaries of the salt treated sections and also because the 
salt treated abrasives may have been tracked some distance along the road 
from the point of application, it is difficult to separate the salted from the 
unsalted portions of the pavement. However, if we assume that salts were 
used on the grade west of Allentown and also in the vicinity of certain inter- 


secting roads, it is possible to spot some of the locations which were prob- 


ably salted. Test sections corresponding to these locations are shown by an 
asterisk in Table 2. Reference to the table shows at once that most of the 
sections in Rounds 2 and 4 were subject to salt action and that, as a rule, 
the percentage of scale on these sections is considerably higher than on the 
sections placed during Rounds | and 3. 

There are, however, two exceptions to this general rule. In the case of the 
three air-entraining cements (12T, 16T, and 21T) we find no evidence of 
scaling in any of the rounds in spite of the fact that sections containing these 
cements in Rounds 2 and 4 were subject to salting in the same manner as the 
non-air-entraining cements. This confirms a fact now well recognized 
that air-entrained concrete is highly resistant to surface scaling resulting from 
alternate freezing and thawing, either with or without the accompanying 
action of chemically treated abrasives. The other exception is that the non- 
air-entraining Type IV and V cements show considerably less scale than the 
other non-air-entraining types. Omitting Section 51-2, average surface 
scale for Type IV and V cements is about 2 percent, compared to about 30 
percent for the average of Type I, II, and III cements. However, note that 
Cement 41 is in reality a mildly air-entraining cement (2 percent air) and that 
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fact may explain its excellent behavior. In the case of the other three Type 


IV cements, and the single Type V cement, there is no evidence in the record 
to indicate that entrained air exceeded 1 percent in any ‘case. 


Another point of interest in Table 2 is that, in general, the Type II cements 
as a group show no greater resistance to scaling than the Type I cements. This 
statement is made with full realization of the uncertainties involved in mak- 


TABLE 2—PROGRESS OF SCALING, PROJECT 1, NEW YORK TEST ROAD 


Section Surface scale, percent of total area of slab Section Surface scale, percent of total area of slab 
No. No 


1945 1951 1955 1957 1945 1951 1955 1957 


0 T 5 5 2 0 r 
5 ty 55 90 » 0 . y 5 
0 x 20 20 0 1 
0 T 15 15 0 10 


0 T 5 3 0 
0 é 20 2 0 
0 -— 10 ; 0 
0 T * 0 


0 0 2 -| 0 
0 0 4 0 
0 0 3 0 
0 0 = 
0 T 15 5 0 
15 é ( , 0 
0 Eg f 0 
0 ry 0 
0 

0 

0 


0 
0 


Nore: T—trace 
C—covered with bituminous materials 
*Abrasives containing chemicals were probably used on this section. 


tAppearance of section would indicate the condition is the result of light surface wear rather than salt scaling. 
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TABLE 3—PROGRESS OF SCALING, PROJECT 1A, NEW YORK TEST ROAD 


Section Surface scale, percent of total area of slab Section Surface scale, percent of total area of slab 
1945 1951 1955 1957 1945 1951 1955 1957 
20 70 
10 10 
*- a 
25 5 
20 
0 
0 
0 
0 
60 
70 
80 


ao 


Nore ry trace 
C—covered with bituminous materials 


*Abrasives containing chemicals were probably used on this sectic 


ing comparisons of the data shown. However, there is no evidence to in- 
dicate that the Type II cements were subjected either to more frequent or 
to heavier applications of salt treated abrasives (particularly in Round 1 
than the Type I cements. Consequently, it is believed that the comparison 
can be considered reasonably valid. 

In general, the same comments may be made with regard to the sections 
comprising Project 1A (5-in. slump concrete) as were made in the case of 
Project 1. Three of the non-air-entraining cements and their air-entraining 
counterparts were used in this project. The percentages of scale that had 
developed in Project 1A at the same four periods as shown in Table 2, are 
given in Table 3. It will be observed that the 12 sections containing the 
non-air-entraining cements have scaled badly in all four rounds whereas 
the corresponding 12 sections containing the air-entraining counterparts of 
these same cements are completely free from scale. The amount of scaling 
in the non-air-entraining cements in all cases is considerably higher than is 
shown for those same cements in Project 1 (see Table 2). This is probably 
due to the higher slump (and consequently higher water content) of the 
concrete in Project LA. However, the outstanding fact again is the excellent 
performance of the air-entraining cements, none of which have shown any 
signs of scaling up to this time even in concrete of relatively high water content. 

As previously noted, Project 1B was constructed on a considerable grade 


at the east end of the test road. The purpose here was to provide a com- 


parison between the cements under conditions involving the use of chemically 


treated abrasives for ice control. Six of the non-air-entraining cements and 
the six corresponding air-entraining cements (12 cements in all) were used 
on this portion of the test road. All have been subjected to repeated and 
heavy applications of abrasives containing ice-control chemicals. The amount 
of scaling that has developed is shown in Table 4. Here again the principal 
point to be noted is the complete absence of scaling in all of the sections con- 
taining the six air-entraining cements as compared to serious scaling on 
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TABLE 4—PROGRESS OF SCALING, PROJECT 1B, NEW YORK TEST ROAD 


Section Surface scale, percent of total area of slab Section Surface seale, percent of total area of slab 
svO, No. 
1945 1951 1955 1957 1945 1951 1955 1957 


10 
1 
T 
T 

0 

0 


Nore: Chemically treated abrasives hav applied to all of 
T—trace 


C—covered with bituminous materials 


almost all of the sections containing the corresponding six non-air-entraining 
cements. The contrast is so great as to completely overshadow the relatively 
minor differences in scaling resistance indicated by the various non-air-en- 
training cements. This project furnishes further proof of the outstanding 


performance of air-entrained concrete under conditions where chemically 


treated sand or cinders are used extensively for ice control. 


South Carolina test road 

This road is Project No. 2 of the Long-Time Study. It is located in the 
western part of the state just southeast of Greenville. All 21 of the non- 
air-entraining cements and the air-entraining counterparts of three of these 
cements were used four times in sections 22 ft wide and 90 ft long. This 
made 96 test sections, each divided by contraction joints into three sub- 
sections 30 ft long, thus providing two interior joints in each test section. The 
entire test pavement, approximately 1.6 miles long, was constructed during 
the late fall of 1941, and is now 16 years old. Traffic and weather conditions 
which prevail on this road have already been described. 

Due to the comparatively mild climate of western South Carolina, this 
test pavement has not been subjected to anything like the severe weather 
conditions that prevail in western New York where many alternations of 
freezing and thawing and an average annual snowfall of 90 in. may be ex- 
pected. Snowfall in South Carolina is rare and the winter temperatures 
average several degrees higher. For these reasons certain types of defects 
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observed in New York, such as surface scaling and D-cracking atong joints, 
are almost entirely absent in South Carolina. However, structural failures 
that is, longitudinal and transverse cracking, corner breaks, etc.—due to 
traffic loads are quite frequent. Such failures are not related in any way to 
the weathering characteristics of the cements. 

Branch and pattern cracking in some of the sections has been noted from 
time to time. These are the fine cracks which are often observed on flat 
concrete surfaces. They are most noticeable when the concrete is moist. 
This type of cracking does not appear to be associated with any particular 
cement or cement type. It is minor in extent, except in the case of Cement 
No. 24. In this case, Rounds 1 and 2 have been reported as affected to a 
marked degree whereas Rounds 3 and 4 are entirely clear. Also, there appears 
to have been a slight increase with time in the amount and degree of pattern 
cracking on Sections 24-1 and 24-2 but the concrete otherwise is still in good 
condition, no special maintenance measures having yet been required. 

According to the 1957 inspection, tracking of bituminous material from 
recently placed bituminous shoulders onto the pavement has, in some cases, 
completely obscured the indications of surface crazing that had been noted 
in the earlier reports. In other cases, the concrete surface, especially the 
outer 3 ft, presented a somewhat mottled appearance consisting of many 
high and low spots. Tracking by vehicles has discolored the high spots, 
leaving the low spots clear, thereby accentuating the appearance of rough- 
ness. There is a distinct question in this case whether these were actually 
scaled areas or whether the roughened appearance was caused by wear or 
abrasion. Location of the test road in a mild ‘climate with few cycles of 
freezing and thawing would indicate that the roughened areas probably 
result from wear. These areas were noted at various places along the road 
and did not appear to be associated with either individual cements or cement 
types, except that the Type III cements appeared to be free from this type of 
defect. 

In general, the South Carolina test road is still in excellent condition. 
The minor defects noted in no way affect the serviceability of the road; it 
should give good service for many years. 


Missouri test road 

This is Project 3 of the Long-Time Study. The test road is located in 
the east-central section of the state, on Route 22 about 3 miles west of Mexico, 
Mo. All 21 of the non-air-entraining cements and the air-entraining counter- 
parts of three of*these cements were used in this test. Each cement was 


used five times in full-width sections, 22 x 75 ft, with a transverse plane of 


weakness in the center of each test section. This made a total test length of 
9000 ft or 1.8 miles. The road, built during the summer of 1941, is now 16 
years old. ‘Traffic and weather conditions prevailing have already been de- 
scribed. 


Several inspections of the Missouri test road have been made. The first 





1030 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE June 1958 


TABLE 5—MISSOURI TEST ROAD D-CRACKING AS OBSERVED IN 1957 


Round Round 


Cement : 3 


Cement 3 


oO X xX : 31 
xX Xx Xx 33 
oO oO 34 
0 7 Oo 

Oo XxX xX NR 

xX N Oo 

oO oO 

oO oO 

oO X NR 

Oo oO 


ONT De oho 


X X 3 xX 
oO oO 
Oo X oO 
xX xX xX 
O oO 
Oo xX X 


Nore: O—No D-cracking or scale observed in 1957 
X—D-cracking and/or scale observed in 1957 
NR—No record 


complete inspection was in 1942, 1 year after the road was built, the most 
recent in June, 1957. The pavement is still in excellent condition after 16 
years service. Early inspections revealed numerous chert ‘pops’? in the 
surface of the pavement. These pops do not appear to affect the structural 
strength or general durability of the concrete. Chert pops are almost com- 
pletely absent on all sections containing the Type III cements. Otherwise 
they are fairly well distributed among the cements, regardless of type. 

Aside from chert pops, observable defects in the Missouri test road were 
confined to a small amount of spalling along the joints. Some faint D-cracking 
was also observed at the joints; its distribution by cements and rounds is 
shown in Table 5. The three air-entraining cements as well as all three of the 


Type III and the one Type V non-air-entraining cements were completely free 
from D-cracking at the time of this inspection. This is also true of Type IV 
cements, 41 and 43. On the other hand, only three of the Type I and Type II 
non-air-entraining cements are completely free from D-cracking in all rounds. 
These are Cements 16, 18, and 24. 


Defects thus far observed on the Missouri test road are not serious enough 
to affect the serviceability of the pavement, which is in excellent condition 
after 16 years use. There are practically no structural defects and the chert 
pops, although numerous and unsightly, have had no other adverse effects. 
Joint spalling is not serious enough to warrant concern, provided the joints 
are given proper maintenance. 


SUMMARY 
Project 1, the New York test road 
The progress report® issued in 1951 states that ‘‘all six of the air-entraining 
cements are definitely superior to the non-air-entraining cements in resist- 
ance to surface scaling.”’ This statement still held true in 1957. In fact, the 
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contrast is even more striking now due to the progressive scaling that has 
occurred on most of the non-air-entrained sections as compared to no scaling 
at all on any of the sections containing the air-entraining cements. 


Except for the Types IV and V cements, there is still no evidence to indicate 
that any one non-air-entraining cement or any one type of non-air-entraining 
cement is consistently more resistant to scaling than another. In general, 
there is a greater difference in the amount of scale from round to round for a 
given cement than there is between the averages for the various cements. 
The Type II cements show up no better in this regard than Type I cements, 
a fact that may surprise many of those who have held quite firm opinions to 
the contrary. On the other hand, the data do show that the Type 1V and V 
cements are much more scale resistant than the other non-air-entraining types. 
However, it would seem unwise to draw any general conclusion regarding 
the superior scale resistance of the Type IV and Type V cements based on the 
evidence of the New York test road alone. 


The generally inconsistent behavior of many of the non-air-entraining 
cements as regards frost resistance suggests the probability that physical 
characteristics of the concrete are more important in determining its ultimate 
durability than is the chemical composition of the cement. This view is 
supported by other research studies which indicate that the physical structure 
of the cement paste, particularly the number of air voids per unit of volume 
of the paste, is a controlling factor in the matter of durability. The results 
of these studies should throw considerable light on the problem of reconciling 
certain anomalies with which we are confronted in our study of cement per- 
formance on these projects. In the meantime, we should not overlook the 
fact that the influence of such factors as chemical composition and fineness 
is, in reality, of minor significance as compared to the great improvement 
which results from the use of air-entrained concrete under conditions where 
chemicals will be used for ice removal. This is the really important lesson 
taught by the New York test road. 


Projects 2 and 3, the South Carolina and Missouri test roads 

The South Carolina and Missouri test roads are both in excellent condition 
after 16 years service. Such surface defects as have developed are minor 
and, so far, have necessitated no special maintenance measures. Sections 
containing both the air-entraining and the non-air-entraining cements are 
equally good. There has been some pattern cracking and some intermittent 
light scale or surface wear on the South Carolina road and a considerable 
number of chert pops on the Missouri road. There is some spalling as well 
as some D-cracking on this road also. However, none of these defects can be 
associated in any way with a particular cement or a particular type of cement, 
with the following exceptions. On the South Carolina road one of the Type 
Il cements, No. 24, developed more than the average amount of pattern 
cracking in two of the four rounds containing this cement. Also, all of the 


sections containing the Type III cements were entirely free from the light 
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scale or wear observed on the South Carolina road as well as entirely free 


from the chert pops and D-cracking observed in Missouri. 

The good record of the Type III cements in South Carolina and Missouri 
and the correspondingly good record of the Type IV and Type V cements in 
New York again emphasizes the difficulty of drawing any general conclusions 
regarding the superior durability of any one type of cement as compared to 
another. Aside from the exceptions noted, all of the cements have performed 
equally well on both projects. On the basis of this performance, it would 
certainly seem safe to assume that, under similar conditions of exposure, 
variations in the chemical composition and fineness of cements within the 
limits represented by this study, are without practical significance, insofar as 
frost resistance is concerned. 
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Static and Fatigue Strength in Shear of Beams 
with Tensile Reinforcement™ 


By TIEN S$. CHANG# and CLYDE E. KESLER# 


SYNOPSIS 


Dimensional analysis is employed in deriving expressions for the initial 
diagonal cracking load and the ultimate strength in shear of simply supported 
concrete beams with tensile reinforcement only. These expressions, which in- 
clude size effect, are converted into nomographs for ease of application. This 
study of static strength includes results from tests of 105 beams, 42 of which 
were tested by the authors. 

Fatigue tests were made on 39 reinforced concrete beams with tension rein- 
forcement only. These beams were simply supported on a span of 60 in. and 
loaded at the third points. Statistical studies of the fatigue behavior with re- 


gard to initial diagonal cracking and final failure are included. 


INTRODUCTION 

Static loading 

Since the derivation of the familiar expression v = V/bjd§ by Morsch! in 
1903, investigations which have been made on reinforced concrete beams 
failing in shear were generally interpreted by expressing the ultimate nominal 
unit shearing stress, v, or V,/bjd, as a function of certain variables. In 1909, 
Talbot? indicated that the ultimate nominal unit shearing stress depends on 
many variables, such as span-depth ratio, conerete strength, percentage of 
tensile reinforcement, and amount of web reinforcement. Consideration of 
these variables, with the exception of concrete strength and web reinforce- 
ment, have generally been neglected by most subsequent investigators when 
determining empirical expressions of the ultimate nominal unit shearing 
stress. Some earlier interpretations even neglected the effect due to the 
variation of concrete strength. Tests have been made to determine the 
limiting nominal unit shearing stress, using the expression: 

vt, = Vu/bjd = Krf'yp + cf.’ 


or v, = cf.’ for beams without web reinforcement 


and results thus obtained were varied and inconsistent. 


*Received by the Institute Oct. 22, 1956. Title No. 54-60 is a part of copyrighted JouRNAL or THE AMERICAN 
Concrete Instirute, V. 29, No. 12, June 1958, Proceedings V. 54. Separate prints are available at 75 cents each 
Discussion (copies in triplicate) should reach the Institute not later than Sept. 1, 1958. Address P. O. Box 4754 
Redford Station, Detroit 19, Mict 

+Member American Concrete Institute, Associate Professor of Applied Mechanics, Virginia Polytechnic Institute 
Blacksburg, Va. (Formerly Assistant Professor of Theoretical and Applied Mechanics, University of Illinois). 

tMember American Concrete Institute, Professor of Theoretical and Applied Mechanics, University of Illinois 
Urbana, Ill. 


§Notations are summarized in Appendix | 
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In 1945 Moretto* attempted to include other variables which might have 
an influence on the ultimate nominal unit shearing stress of a reinforced con- 
crete beam failing in shear, and from his data developed the following em- 
pirical formula: 


= V,/bjd = Krf’,, + 0.10f.' + 5000p 


= 0.10f.' + 5000p (without web reinforcement) 


A new variable, steel percentage, was included and the expression fitted his 
experimental data fairly well. 


In 1951 Clark‘ fitted the following expression to his experimental data: 


Vu/bjd = 2500 yr + 0.12f.' (d/a’) + 7000p 


0.12f.’ (d a’) + 7000p (without web reinforcement ) 


Another variable, the depth-span ratio, has been added to this formula. Al- 
though both Moretto’s and Clark’s formulas fit their own experimental data 
fairly well, the formulas did not give comparable results. 

In April, 1953, Laupa, Siess, and Newmark® considered the actual behavior 
of a reinforced concrete beam without web reinforcement under combined 
flexure and shear, and found that generally the beam cracked diagonally, 
and then failed by the destruction of concrete in the compression zone.* 
They therefore assumed that the final failure of a reinforced concrete beam 


without web reinforcement due to combined flexure and shear is essentially 


the same as that due to flexure, the only difference being that the diagonal 
crack concentrates the angle changes that would normally be distributed 
along a considerable length of the beam to a relatively short section at the 
end of the diagonal crack. Therefore, the maximum moment (shear-moment) 
the beam can carry with a diagonal crack will be much smaller than in the 
case for pure flexure. Using this shear-compression theory, an empirical 
equation expressing the shear-moment for beams without web reinforcement 
was developed: 


M, = kbd?f.’ (0.57 — 4.5f-'/105)... : (d) 


In June, 1953, Moody, and in 1954 and 1955 Moody, Viest, Elstner, and 
Hognestad® presented a semiempirical formula, based on the same_ shear- 
compression failure theory, to express the shear-moment that a concrete 
beam with tensile reinforcement can carry. They assumed that the moment 
could be expressed by the same type of equation as for pure flexure, namely: 


s ps 
M, = A,fd{1 — ke . 
kiksfe' 


*Actually the part of beam where final failure occurs is subjected to combined compression and shear; but if the 
span-depth ratio is large enough, the total force is approximately the same as the compressive force. 
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Assuming /j/3 = 1.121 0.0485 f.’/1000, ke = 0.42, and that the steel stress 
could be determined from a similar expression as that for over-reinforced 
concrete beam in pure flexure, the following empirical expression for steel 
stress at failure in the beam weak in shear was developed: 


15,080 Fy — 
f, = 15, | } 
’ V BE Pp kyksf.’ 


Both Laupa’s and Moody’s formulas give good predictions of the ultimate 
shear-moment for beams with relatively large cross sections (d 2 8 in.). 
These formulas did not, however, apply to beams with relatively small cross 
sections (d S 8 in.). 


Since development of the shear-compression failure theory, investigations 
have been made and are now under way to study the effects of size of cross 
section, web reinforcement, compressive reinforcement, continuous supports, 
uniform loading, and repeated loading. Some of these variables have already 
been treated in Laupa’s and Moody’s papers. 


The shear-moment will control the ultimate load carrying capacity of a 
beam weak in shear only if the beam will crack diagonally before the shear- 
moment of the beam is reached. A beam that cracks diagonally at a load 
higher than that predicted by the shear-moment theory will therefore take a 
higher load than that which produces the shear-inoment. However, as. soon 
as a diagonal tension crack is fully developed, the beam will fail since the 
moment on the beam at the critical section is already higher than that of the 
shear-moment. Moody developed a formula that will predict the load for 
the initiation of diagonal tension cracking of a beam as determined from 
load-deflection curves. The predicted load is generally lower than that at 
which the diagonal tension cracks can be determined with the unaided eye. 
This formula involves both the concrete strength and the span-depth ratio, 
a/d or M/Vd, and is as follows: 


For 1000 psi < f.’ S 5000 psi: 


V./(% bd) = 0.12 (1 — 0.1M/Va) f.’ | f.’/10,000 


For te > 5OO0 psi: 


5000 


Morrow’ in 1954 considered the cracking of a beam weak in shear as a 
problem of combined stresses, and developed a formula which predicts the 
initial diagonal cracking load of knee frames without web reinforcement and 
of the beams tested by Moody. This formula is as follows: 
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13.4 
a / a 2 
} + 600 
npd / npd , 


fp 
with f, = 275 | - for f.’ S 8000 psi 
8250 


f, = 300 + 0.075 f.’ for f.’ 3000 psi 
- a'/2 fora/d 2 2 
a = « for a/d « 2 


and FE, = 1,800,000 + 460 f.’; #, = 28,000,000 psi 


None of the preceding formulas were found to be applicable to the beams 
with relatively small cross sections used in this investigation. Nevertheless 
a satisfactory means of determining the static strength of beams is necessary 


before the results of repeated load tests made by the authors can be evaluated 


Fatigue loading 


The fatigue strength of reinforced concrete beams is a complicated sub- 


ject about which little is known. Variables, such as concrete strength, per- 


centage of tensile, compressive, and web reinforcement, maximum value of 
repeated loading, range and rate of loading, aggregate size and shape, tem- 
perature, humidity, and others, will have significant effects on the final test 
results. If a beam subjected to repeated loading is weaker in shear than 
flexure, it may fail in any one of the following five ways: (1) destruction of 
the compressive zone, (2) splitting action along the reinforcement, (3) diag- 
onal cracking, (4) bond failure, or (5) fatigue of the reinforcement. 


Generally, a beam weak in shear and subjected to repeated load will first 
crack diagonally and the cracking will then proceed toward the point of 
maximum moment as additional loads of the same magnitude are applied. 
The beam will fail when the crack extends so far that the compression zone 
becomes too small to resist the compressive force acting on it at the maximum 
value of the cyclic loading. Failure then occurs by destruction of the com- 
pression zone.* It has been observed that some splitting action along the 
reinforcing bars also takes place as the diagonal crack progresses, but this 
appears to be only of secondary importance. It has been found that bond 
failures are unlikely with deformed bars meeting ASTM specification A 305 
for the l/d ratio tested. Another interesting phenomenon in a beam under 
repeated loading is the continual change in stiffness of the beam which is 
believed to be due to the creep behavior of concrete, the development of the 
initial vertical tensile cracks, and the formation of the diagonal cracks. 

*Note that unlike the static case, the beam may fail by destruction of the compression zone, even when the beam 
has a larger predicted cracking load than the shear-moment, because the crack may, under repeated load, occur 
at a load lower than the load for cracking if loaded statically. 


tMinimum Requirements for the Deformations of Deformed Steel Bars for Concrete Reinforcement,"’ A 305 
53T, 1955 Book of ASTM Standards, Part 1, pp. 1020-1022. 
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DETAILS OF INVESTIGATION 
Scope 


The purpose of this study was twofold: first, to develop simple and suf- 


ficient expressions for the static strength of beams failing in shear; and second, 
to determine the strength under repeated loading of reinforced concrete 
beams weak in shear. Emphasis was on small beams with tensile reinforce- 
ment only. The variables studied in fatigue are limited to concrete strength, 


percentage of reinforcement, and magnitude of the repeated load. 


Outline of tests 

Forty-two simply supported beams of relatively small cross sections with tensile reinforce- 
ment only were tested to failure under static loads. All beams were 4 x 6 in. in cross section, 
but the values of shear span, steel percentage, and concrete strength were varied as shown in 
Table 1. The loads at which diagonal tension cracks occurred and the maximum loads were 
observed. All beams with few exceptions were tested at an age of approximately 28 days, 
and in all cases the control cylinders were tested on the same dates as the beams 

Data on the shear strength of 64 beams of relatively large cross sections without web or 


compressive reinforcement were obtained from reports by Moody,® Richart,’ Richart and 


TABLE 1—DATA AND RESULTS OF ANALYSIS OF STATIC TESTS OF 
AUTHORS’ BEAMS* 


Ve (test } te 
ms erce I lb | Ib 


1000 4 4470 500 
4000 4 500 
4000 ) 3 4400 ; 700 
4000 3 400 
4000 4410 ao 200 
4000 > 3 1000 { 100 


2560 } 3830 5 5,300 
2560 ) S880 7 ),300 
4 4 $730 ] + 600 

100 

41000 5 2,200 


3830 
41650 
3450 
$480 
1130 


1740 
5540 
1820 
St 5270 
Re} 1860 
Sb y060 


4680 89 ¢ 89,400 
1680 8Y 89,000 
4470 8Y 87.900 
1470 8Y ( 89,800 
4670 2 8Y 6490 
1670 2 RY O180 
4520 8Y 5040 
1520 2.89 5830 
4650 2.89 5510 
41650 2.89 5250 

*For all beams: b 4 in. and d 5.38 in. 

tin computing Ve, a a + 1) in, is used instead of a 
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TABLE 2—DATA AND RESULTS OF ANALYSIS OF MOODY'S BEAMS: 
STATIC TESTS 


Beam fc’, P, 


Ve (test) M, (test) test) 
No. psi percent / 


lb ( .) in.-lb » (cale.) 


a> 


4400 2.1 
4500 2.11 
4500 2.24 


4570 2.37 


13,000 399,000 81 
15,000 443,000 8Y 
14,000 OS 502,000 95 
15,000 472,000 R4 


NANNN 


3070 62 
3130 63 
2790 60 
2430 66 


11,450 374,000 00 
13,500 399,000 O4 
12,000 369,000 O5 
11,900 369,000 O5 


ssa 


920 81 
880 83 
1000 

980 82 


4,500 
5,500 
5,700 
5,650 


NnNNN 


5320 1,500 442,000 
2420 8Y 34. 7,500 272,000 
3740 89 j 5 : 1,500 100,000 
2230 j 5 é 8,500 308,000 
4450 j 5 34. 0,500 ( 399,000 
2290 5 : 7,500 ; 264,000 
4480 ; 5 ),000 ; 391,000 
1770 ( : 7,000 238,000 
5970 ¢ 5 : 11,500 408,000 
3470 : 34.6 9,500 374,000 
5530 ; 56 : 11,000 460,000 
2930 ‘ } 56 : 10,500 361,000 
5480 56 : 10,000 425,000 
3270 9,700 330,000 
5420 ( 5 : 11,500 391,000 
2370 5 8,000 289,000 


BNO e ate 


*In computing Ve, a s used instead of a. 


Jensen,’ Gaston, Siess, and Newmark,'® Clark,‘ and Laupa, Siess and Newmark,® and are 
given in Tables 2 and 3. 


Thirty-nine beams having 4 x 6-in. cross sections with tensile reinforcement only were 
subjected to repeated loading. The results of these tests are given in Table 4. 


The tests were 
generally continued until final failure occurred. Those that did not fail at 


a fatigue life of 
about 10,000,000 cycles were removed from the testing machine and tested to failure statically. 
Data from this series of beams are given in Table 5. 


Materials 


The aggregates used in the tests made by the authors were from the Wabash River neat 
Covington, Ind. These aggregates are part of a glacial outwash, probably from the Wisconsin 
glaciation. The sand had an average fineness modulus of 3.0. The coarse aggregate was well 
graded and had a maximum size of lin. The absorption of the aggregates was about 1 percent 
by weight of the surface dry aggregates. Both of these aggregates passed the usual ASTM 
specification tests. The cement used was a Type I portland cement, and was of several brands 
Concrete strengths varied from 3150 to 6750 psi, with slumps varying from 1 to 6 in. Both a 
pan-type mixer of about 2 cu ft capacity and a free-falling nontilting drum mixer of about 6 


cu ft capacity were used. The concrete was cured in a moist room at 74 F and 100 percent 


relative humidity for 6-7 days, and then cured in the laboratory atmosphere until tested. 
The reinforcement consisted of deformed bars of intermediate grade billet steel meeting 
ASTM specification A 305. The average yield point was about 47,500 psi, the ultimate 
strength about 72,500 psi, and the modulus of elasticity about 27 x 10° psi. 
Materials used in tests by other investigators varied considerably and the reader is referred 
to the original reports for their properties. 


Testing procedures 


Beams designed for the study of size effect were tested statically in a 300,000-lb testing 
machine under center- or third-point loading while simply supported. 
15 to 60 min. 


Each test lasted from 
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TABLE 3—DATA AND RESULTS OF ANALYSIS OF CLARK’S, LAUPA’S, 
RICHART'S, AND GASTON’S BEAMS: STATIC TESTS 


Pp b d M, (test 
percent in. in. in.-lb 


Reference 4—Clark 


686,000 
830,000 
770,000 
810.000 
832,000 
798,000 
810,000 
825,000 


) 
> 
) 


AS55455 55 


15 
15 
15 
l 

1; 
15 
1: 
15 


PRHPSHDME 


) 
) 
) 
) 


Reference 5—-Laupa, Siess, and Newmark 


6 10.58 158,000 
6 10.44 574,000 
6 10.37 600,000 
6 10.31 538,000 
6 10.51 365,000 
6 10.31 538,000 


Reference 8—Richart 


1690 
1690 
1690 
1490 
1490 
2350 
2350 
1076 
3696 
$522 


1337 


10 304,000 
10 270,000 
10 $33,000 
10 300,000 
10 243,000 
10 329.000 
117,000 

2,690,000 

670,000 

2,980,000 

2 270,000 


PRDPPMPPMwMMnmnw 


Reference 9—Richart and Jensen 


1760 &O ] 2,290,000 
$20 80 i | 2,550,000 
$200 80 1 2,430,000 

| 

1 

1 


$860 2.80 2,150,000 


2230 2.80 1,690,000 
2630 2.80 865,000 


Reference 10—-Gaston, Siess, and Newmark 


1.38 ) 10.58 $32,000 
1.38 ) 10.58 $52,000 
1.90 10.58 $50,000 


Beams for the fatigue studies were tested in a specially designed fatigue machine which 
applied a sinusoidal repeated load at 440 cpm at the third points of a 5-ft simple span. The 
maximum value of the repeated loading was maintained by checking the loads at reasonable 
intervals of ‘ime and making adjustments as required. An automatic shut-off stopped the 
machine when the specimen failed, and the number of cycles to failure was read from a revolu- 
tion counter. For a detailed description of this fatigue machine, readers are referred to a 
previous paper.!! 


EXPRESSION FOR THE INITIAL DIAGONAL TENSION CRACKING LOAD 


The initial diagonal tension cracking loads obtained from the authors’ 
static beam tests were compared with values given by Morrow’s formula, 
Eq. (h); about one-third of the results were found to differ from the formula 
by about + 30 percent. A new formula for determining the initial diagonal 
tension cracking load of simply supported concrete beams with tensile rein- 
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TABLE 4—RESULTS OF FATIGUE TESTS 


Beam fe’, P, P, Cracking Failur 
psi percent Ib life, ‘ life 
cycles cycles 


4580 1.86 5000 5 519,200 2,114,500 
4250 1,86 7000 : 4100 800 
4650 1.86 8000 8 200 . 200 
4640 1.86 6000 5 425,000 557,000 
3910 1.86 6000 ) ,500 ( 16,800 
3950 1.86 4270 ( 292,800 56 900,200 
4290 1.86 5000 .56 5,700 3 142,100 
5410 1.86 5500 8,000 ; 19,300 
2150 1.86 5500 7 90 ( 1,940 
4240 1.86 6750 280 Sf) 140 
4300 1.86 7130 7 80 360 
5200 1.86 53 ),690, 200 5 1,690, 200 
5630 1.86 2 5 is 

4600 1.86 55 135,100 822 400 
4280 1.86 5 3 1,000 » 097,300 
4680 1.86 55 § ,500 } 193,600 
5120 1.86 57! } 700 250,400 
5430 1.86 32 5 500 578,800 
5360 1.86 6000 } : ,600 ( 207,600 
2890 2.89 5500 } 13,400 33 ,027, 200 
2860 2.89 5000 5 sf 100 5 976,100 
3630 2.89 6000 600 467,200 


6750 
4730 
5360 
4670 
5040 
5000 
2160 
3590 
4060 
4440 
5340 
4810 


89 6500 or ‘ 
89 7500 i 23,200 
8Y 8000 7 ) 700 
89 7400 102,900 
8Y 6500 .5! 5,871,700 
84 7000 , 217,700 
89 7000 ¢ ¢ 100 
.89 6000 39, } 39,800 
89 8000 7 : 530 
89 6000 56 { 3,666,500 
89 7000 j 13,000 
89 6000 5 : 239,000 
4000 89 6500 ; 2, } 4,300 
5190 89 6500 5 8 i 87,800 
Broke on first) loading 
5-19 Broke on first) loading 
5-20 4740 2.89 S880 


eee 
ou Oe 


nCrgrgrwcig 


ey 


T T 
Soe ah 


bo bo bo bO ND bt bt lo 8S bt bb tS Nt tO 


~“ 


5 
5 a 
5 a 
5 
5 on 
5 - 


a 


*Reinforcing bar broke in pure moment region. 


forcement and weak in shear was developed and found to fit both Moody’s 
and the authors’ data for 53 beams within + 17 percent with a standard de- 
viation of 0.095. The formula was developed by a combination of dimen- 
sional analysis and step-by-step numerical approximations as explained in 
Appendix 2. The expression developed is as follows: 


V./bd = 1.90 f./0-53 (1 + 0.00562p':5) (1 + 0.685d!-#2/al-"2) (1 + 13.4/d2-6! ~ ae 


The ratio V./bd given by Eq. (i) can also be evaluated semigraphically 
as the product of the four factors obtained from Fig. 1 for the appropriate 
values of strength, steel percentage, span-depth ratio, and effective depth of 
the beam. More conveniently, the nomograph given in Fig. 2 may be used 
for the solution of Eq. (i).* 


DEVELOPMENT OF THE SHEAR-MOMENT EXPRESSION 


The maximum moments for the authors’ beams which first cracked di- 
agonally and then failed by destruction of the compression zone were com- 
pared with values given by Moody’s and Laupa’s formulas, and about one- 


*For use of nomograph of Fig. 2, see Appendix 3. 
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Fig. 1—Functional dependence of the static cracking load on concrete strength, steel 
percentage, span-depth ratio, and effective depth 
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Fig. 2—Nomograph for predicting the static cracking load of simply supported rein- 
forced concrete beams without web and compressive reinforcement 
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219% Fig. 3—Functional depend- 
ence of the static shear-mo- 
ment on concrete strength, 
steel percentage, and effec- 

tive depth 
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third of the results were found to vary by + 35 percent. A new formula for 
determining the maximum shear-moment of beams with tensile reinforce- 
ment was therefore derived, again through dimensional analysis. The detailed 
procedure is given in Appendix 4. 


The expression developed is: 
M,/bd? = 21.3 f./9-8 (1 + 0.188p'-®) (1 + 17.8/d3-2) 
for p less than 2 5 percent 
M,/bd? = 12.8 f,’°-* (1 + 1.25 p®*) (1 + 17.8 d3-%5) 
for p greater than 2.5 percent 
This expression predicts ultimate shear-moment for all existing data within 
+ 19 percent with a standard deviation of 0.102. 


Eq. (j) can also be solved semigraphically as the product of the three factors 
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Fig. 4—Nomograph for predicting the static shear-moment of simply supported rein- 
forced concrete beams without web and compressive reinforcement 


given in Fig. 3. The nomograph in Fig. 4 may also be used to solve this 


equation. * 


FAILURE OF BEAMS IN FATIGUE 


Three modes of failures were observed in the 39 beams tested under re- 


peated loading. 


1. Destruction of the compression zone (Fig. 5a, b, c, and d)—Twenty-three of these beams 

failed by destruction of the compression zone at the end of the diagonal tension 
crack. They first cracked diagonally in either one or both of the shear spans. For 
simply supported beams this shear span is defined as being the length of the specimen 
between a support and the nearest load point. The diagonal cracks then extended 
toward the edges of the loading blocks accompanied by some splitting action along 
the reinforcement. The splitting in some cases proceeded to the ends of the beams 
(Fig. 5b) but always after the beams had “‘failed’’; therefore, this splitting behavior 
was considered as a secondary failure. Final failures occurred when the compression 
zone at the top end of the diagonal cracks became too small to resist the applied load. 
The concrete in the compression zone was probably weakened by the repeated loading. 
Diagonal cracking failure (Fig. 5e)—Eleven beams failed by “diagonal cracking.” 
Generally, the diagonal cracks for these beams were fully developed as soon as the 
cracks were observed. The concrete failed by compression at the top of the loading 
block as soon as the cracks were formed. This means that the number of cycles for 
final failure of the beams was the same as that for cracking. 
Fatigue of reinforcement (Fig. 5f)—Two beams failed by fatigue failure of the rein- 
forcement in the region of pure flexure between the load points. The beams behaved 
similarly to those that failed by destruction of the compression zone; but after these 
beams cracked diagonally, the reinforcement in the beams failed through fatigue. 


*For use of nomograph of Fig. 4, see Appendix 5. 
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TABLE 5—DAMAGE TESTS AND COMPARISON OF RESULTS OF BROKEN BEAMS 
PREVIOUSLY SUBJECTED TO REPEATED LOADING 


Beam fe’, DP, P. (meas.), P, (meas Pe (meas 
‘i psi percent lb | lb Pe (cal 


4580 
4250 
4650 
4640 
3910 
3950 
4290 
2150 
4300 
5200 
5630 
4600 
4280 
5430 
5360 


R86 9,070 
86 8,170 
86 9,800 
6 6,620 
86 8,600 
86 8,010 
86 8,200 
. 86 6,890 
8H 7,960 
86 9,300 

86 9,720 10,300 
86 10,470 
86 A : 9,160 
86 , 9.580 
86 10,970 


2890 
2860 
3630 


89 7,420 
8,000 8,320 
9.700 


to to bo 


6750 
41730 
5360 
4670 
5040 
5000 
3590 
4060 
4440 
5340 
1810 


13,290 
12,250 
9,250 
9,980 
10,300 
8,600 
9,100 9,150 
9.170 9,310 
10,250 
8,930 
10,030 10,610 
5190 11,770 
3950 8,770 19,000 
1740 11,750 


Noe athe 


WHWNNWNHHHNNWb bo 
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5. 
5 
5 
o- 
5 a 
5 
5- 


STUDY OF FATIGUE FAILURES 


It has been observed that a reinforced concrete beam will fail at a load 
considerably less than its static load capacity if the load is repeated a sufficient 
number of times. One purpose of this investigation was to study statistically 
the fatigue life for initial diagonal tension cracking and for final failure of a 
beam which fails in shear when subjected to repeated loading varying from 
near zero to a maximum load. The span-depth ratio of all beams tested in 
fatigue was a/d = 3.53 or a’/d = 3.72.* Two values of steel percentages 
were used in this investigation, 1.86 and 2.89 percent, and the concrete strength 
varied from 2500 to 6500 psi. A minimum load of about 200 lb was main- 
tained to prevent impact on the specimen during each cycle of loading. The 
maximum load varied about 4100 to 9500 lb, which is about 45 to 91 percent 
of the initial diagonal tension cracking load and about 51 to 100 percent of the 
static shear-moment capacity as predicted by Eq. (i) and (j). 

Statistical studies of fatigue tests on concrete specimens are commonly 
based on plots of applied load, expressed in percent of the static load, against 
the logarithm of the fatigue life of the specimens. 

Before any statistical study can be made, however, the criteria for failure 
of the beams must be determined. Comparison of Kq. (i) and (j) as plotted 
” #The distance a is measured from the edge of the loading block to the center of the support and is used to de 
termine the shear-moments of the beams, while a’ is measured from the center of the loading block to the center 


of the support and is used for the calculation of the initial diagonal tension cracking load of the beams. In these 
tests a’ = a + 1 in. 
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Fig. 5—Typical fatigue failures 
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in Fig. 6 indicates that the initial diagonal tension cracking load will be 


higher than the shear-moment load for beams under static loading with steel 
percentages of 1.86 and 2.89, when the concrete strength is between 2000 and 
7000 psi. However, further consideration of the curves in Fig. 6 shows that 
the maximum variation between the cracking and shear-moment load is only 
12 percent. Hence a variation of 6 percent of the actual loads from the 
theoretical loads could give a higher shear-moment load. This means that 
beams with this particular span-depth ratio and steel percentage when tested 
statically may fail either by diagonal tension or by destruction of the com- 
pression zone after a diagonal tension crack is fully developed. When loaded 
in fatigue, however, a diagonal tension crack may develop at a load consid- 
erably less than the initial diagonal tension cracking load predicted by Eq. 
(i), and failure may therefore occur in shear-compression. The fatigue life was 
studied for both initial diagonal cracking and final failure of the beams. 
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Fig. 6—Comparison of static load carrying capacities of beams with respect to con- 
crete strength and steel percentage 


The two beams that failed by fatigue of the reinforcing steel were rein- 
forced with two #4 bars and had a steel percentage of 1.86. The beams all 
cracked diagonally before the bars failed in the region of constant moment. 
The average maximum stresses in the steel as determined from electric re- 
sistance strain gages were 31,000 and 32,600 psi for the two beams. The 
numbers of cycles of loading sustained by these beams were comparable to 
those of the beams which did not fail in the steel. Both had a fatigue life 
greater than one million cycles. 


STATISTICAL STUDY OF INITIAL DIAGONAL TENSION CRACKING UNDER 
REPEATED LOADS 


All beams that cracked diagonally in fatigue were included in the analysis. 
Two values of steel percentages, 1.86 and 2.89 percent; are available for 
analysis. The concrete strength of the beams varied from 2150 to 6750 psi. 
Statistical studies were made by plotting the applied maximum load in terms 
of percent of the static initial diagonal tension cracking load, as predicted 
by Eq. (i) against the logarithm of the number of cycles of loading the beams 
withstood before cracking diagonally. Separate studies for different steel 
percentages and concrete strength were made. Curves were drawn for a 
50 percent probability of cracking and the “fatigue factor’’* with a probability 
of 50 percent was determined as 0.57 for p = 2.89 percent, 0.57 for p = 1.86 
percent, 0.58 for f,’ 2 4300 psi, and 0.57 for f. S 4700 psi. 


*Fatigue factor is defined as that ratio of the applied maximum repeated load to the static load for cracking or 
failure below which the beam will crack or fail at a given probability. The most common value used is the average 
fatigue factor which is the fatigue factor below which 50 percent of the beams tested will crack or fail 
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Fig. 7—Statistical study of the fatigue strength of beams against diagonal cracking 


Since all the curves seem to have the same characteristics and all the fatigue 
factors seem to be about the same, a combined plot, Fig. 7, of beams with all 
steel percentages and concrete strengths was made. The data were found 
to lie within a limit of = 15 percent from the 50 percent probability curve for 
cracking with one exception which was 17 percent off the curve. The fatigue 
factor for initial diagonal tension cracking with a probability of 50 percent 
is about 0.57 and with a probability of near zero percent is about 0.49. 


STATISTICAL STUDY OF FINAL FAILURE UNDER REPEATED LOADS 


All data for beams that failed under fatigue loading after a diagonal tension 
crack formed are included in this study. There are again two values of steel 
percentages, 1.86 and 2.89. The concrete strengths varied from 2150 to 
6750 psi. Separate studies for final failures were again made for different 
concrete strengths and steel percentages by plotting the applied maximum 
load in terms of percent of the static shear-moment load, as expressed by 
Eq. (j), against the logarithm of the number of cycles of repeated load before 
failure. The failure curve and the fatigue factors with a probability of 50 
percent were again found. The fatigue factors were 0.63 for p = 2.89 per- 
cent, 0.63 for p = 1.86 percent, 0.63 for f.’ 2 4300 psi, and 0.63 for f.’ S 
4700 psi. 


Again, all the failure curves and fatigue factors were found to be very 
close to each other and therefore a combined study (Fig. 8) was made for all 
the beams. The failure curve with a probability of 50 percent was capable of 
predicting the results for all the beams tested within + 15 percent, which is 
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Fig. 8—Statistical study of the fatigue strength of beams against failure 


within the range of variation for the prediction of static strength. The fatigue 
factor for final failure with a probability of 50 percent was found to be 0.63, 
and with a probability of near zero percent was about 0.56. 

Since it was believed that the compression zone of a beam was not damaged 
by repeated loading before diagonal cracking occurred, a statistical study 
was made on the basis of the fatigue life as represented by the number of 
cycles of loading required to cause failure after diagonal cracking occurred. 
The results of this study are shown in Fig. 9. Excluding points that have 
relatively short lives after cracking, the data again seem to form a close band 
indicating the fatigue factor of 62 percent with a probability of 50 percent. 

Due to the large flat portion of the curve, the fatigue life of a beam after 
cracking is more or less indeterminate, while the fatigue strength of the beam 
is quite certain. The fatigue factor of the beams can equally well be obtained 
by making statistical studies of the total fatigue lives of the beams. This 
study does tend to point out one important point, i.e., not much damage 
occurs in the shear-compression zone due to fatigue loading for a beam which 
has no diagonal cracks. 


DAMAGE DUE TO REPEATED LOADING 


Two beams, 4-20 and 5-1, did not crack diagonally and consequently did 
not fail even though 10,000,000 cycles of load were applied. They were 
removed from the fatigue machine and tested to failure under static load. 
The initial diagonal tension cracking load (Table 5) for both beams was 
found to be within the range of the formula derived by the authors. Beam 
5-1 failed by diagonal tension cracking and destruction of the compression 
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zone simultaneously, and Beam 4-20 failed by destruction of the compression 
zone at a load slightly higher than the diagonal tension cracking load. The 
final failure load for Beam 4-20 (Table 5) was found to lie within the range of 
accuracy of the shear-moment expression derived in this paper. 


Further static tests were made on some of the beams that failed in fatigue. 
Failure of a beam under repeated load generally occurred at only one end 
while the other end remained intact except for a few small tensile cracks or a 
diagonal tension crack. This end was then loaded at the center while simply 
supported over a span of 40 in. The results in Table 5 show that for the ends 
that did not crack diagonally in the fatigue tests, failure occurred either 
simultaneously by diagonal cracking and final destruction of the compres- 
sion zone of the beams or by the destruction of the compression zone after 
the diagonal cracking load had been reached. In either case, the data ob- 
tained checked well with the authors’ formulas. For ends that did have 
diagonal tension cracks as a result of the fatigue tests, failure was by de- 
struction of the compression zone, and the recorded loads were consistent 
with the authors’ formula for predicting the shear-moment capacity of the 
beams. 


These test data seem to indicate two important results. First, if a beam 
did not crack diagonally under repeated loading, it was not damaged by the 
repeated loading so far as the initial diagonal tension cracking load and the 
shear-moment were concerned. Second, if the beam was cracked diagonally 
under repeated loading, the beam was not damaged so far as the shear-mo- 
ment carrying capacity of the beam was concerned. It should be noted, how- 
ever, that if the end of the beam had a diagonal crack, the ultimate load 


100 


p= 1866 289% 

f's 2,15SO—6,750psi 

b= 4° 

d= 538" 

a= 19" 

No. of Beams = 23 

Fatigue Factor = 0.62 
(Prob. =50%) 


, 107 io° 10* 10° 10° io” 10° 


Cycles from Cracking to Failure 


10 


Fig. 9—Statistical study of the fatigue lives of beams against failure after cracking 





1050 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE June 1958 


would be predicted by the shear-compression theory, even if theoretically 


for static loading the beam might have a higher initial diagonal tension crack- 
ing load than the shear-moment load. 


SUMMARY 


The formulas developed by previous investigators for predicting the static 
diagonal tension cracking loads and shear-moments of simply supported rein- 
forced concrete beams with tensile reinforcement only were found to be in- 
applicable for beams of relatively small cross section. Consequently, equa- 
tions were developed using dimensional analysis to predict these loads, both 
for the relatively small beams tested by the authors and for similar beams 
of larger cross section for which adequate data could be found. The ex- 
pression for initial diagonal tension cracking load, Eq. (i), was found to 
predict Moody’s and the authors’ test data for 53 beams within + 17 per- 
cent with a standard deviation of 0.095. The expression for shear-moment, 
Eq. (j), was found to predict the existing data within + 19 percent with a 
standard deviation of 0.102. Because of the complicated form of these two 
equations, nomographs were developed from which solutions may easily be 
obtained. Eq. (i) and (j) and the nomographs, Fig. 2 and 4, apply exclusively 
to simply supported reinforced concrete beams with only tensile reinforce- 
ment. 

The repeated load tests indicate that the fatigue strength of the type of 
specimens tested is influenced by the percentage of steel and the concrete 
strength to the same extent as the static strength. When all the data, re- 
gardless of percentage of steel or concrete strength, for initial diagonal tension 
cracking in fatigue were plotted in Fig. 7 with the ordinate being the per- 
centage of the cracking load applied as predicted by Eq. (i), the maximum 
variation was only + 15 percent from the average curve. The fatigue factor 
for cracking with a probability of 50 percent is 0.57 and with a near zero 
probability is 0.49. <A similar plot for final failure in shear, Fig. 8, yielded 
results with a maximum variation of only + 15 percent from the average 
failure curve. The fatigue factors for failure with probabilities of 50 percent 
and near zero percent are 0.63 and 0.56, respectively. 

Comparison of Fig. 7 and 8 indicates, up to 100,000 cycles, that the crack- 
ing load is reduced at a more rapid rate than the ultimate failure load. For 
example, at 1000 cycles the cracking load has been reduced to 68 percent 
of the static value while at the same life the ultimate load has been reduced to 
only 83 percent of the static ultimate. The fatigue factors at 10 million cycles 
and 50 percent probability are 0.57 and 0.63, respectively. 

A few static tests made on beams previously subjected to repeated load 
indicated that if a beam did not crack diagonally under repeated loading, 
it was not damaged as regards either the diagonal tension cracking load or the 
ultimate moment carrying capacity. This finding was further strengthened 
by the statistical studies of fatigue lives of beams after cracking (Fig. 9). 
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Other tests indicated that if a beam was cracked diagonally in the fatigue 
test but did not fail, its static load-carrying capacity was not affected. 
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APPENDIX 1—NOTATION 


shear span of a beam measured from 
edge of loading block to center of sup- 
port 

shear span of a beam measured from 
center of loading block to center of 
support 

= cracking span as defined by Morrow 
area of tensile steel of a reinforced con- 
crete beam 

width of a rectangular reinforced con- 
crete beam 


= constant 


= effective depth of a reinforced concrete 


beam 

effective depth of a beam which needs 
no size correction for computing initial 
diagonal tension cracking load or 
shear-moment of the beam 


= modulus of elasticity of concrete 


modulus of elasticity of steel 
modulus of rupture of concrete 
stress in tensile reinforcement 


= ultimate strength of concrete as de- 


termined from 6 x 12-in. cylinders 


= yield point of web reinforcement 
= moment arm between the resultant 


compressive force in the concrete and 
the tensile stress in the steel as com- 
puted by the straight line formula 

constant relating to the contribution 
of web reinforcement by truss analogy 


k 


ratio of the distance between the top 
of the beam and the neutral axis of 
the beam to the effective depth of the 
beam as computed from the straight 
line theory for fiexure 

ratio of average concrete stress in the 
compression zone to the strength of 
6 x 12-in. cylinders 

ratio of distance from top fiber to cen- 
ter of compression to distance from 
top fiber to neutral axis 


= moment 


shear-moment 


= ratio of the modulus of elasticity of 


steel to that of concrete 


= percentage of tensile reinforcement 


total load on a simply supported beam 


diagonal cracking load 


= total load on a simply supported beam 


causing a Maximum moment equal to 
the shear-moment 


= percentage of web reinforcement 


shear force 


nominal unit shear stress 


= shear force for initial diagonal tension 


cracking 
shear force at which the shear-mo- 


ment of the beam is developed 


= shear force at failure of the beam 


nominal unit shear stress at failure 


APPENDIX 2—DEVELOPMENT OF EQUATION FOR INITIAL DIAGONAL 
TENSION CRACKING LOAD 


The following is the procedure used to develop the expression for initial diagonal tension 
cracking load. 


Experience has indicated that the main variables that influence the initial diagonal tension 


cracking load of a concrete beam with tensile reinforcement are concrete strength, percentage 
of tensile reinforcement, effective depth of the beam, shear span, width of the beam, modulus 
of elasticity of the concrete, modulus of elasticity of the tensile steel, and relative size of the 
beam. Therefore the following expression can be written: 


V. = F, (f.’, p, d, a, b, E., E,, relative size 


or F, (V., f.’, p, d, a, b, E., Es, relative size) = 0 (k) 


If the assumption is made that the modulus of elasticity of concrete is a function of the 
concrete strength and that the term, relative size, can be expressed by the ratio of the effective 
depth of the beam to a standard effective depth for which correction of size is not necessary, 
then the following expression results: 
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F;(V., f-’, p, d, a, b, E,, d/d’) = 0 


or F,(V., f-’, p, d, a, b, E,, d’) = 0 


Dimensional analysis 
The purpose of this analysis is to reduce the eight variables that appear in Hq. (1) to a 
function that contains a minimum number of dimensionless products forming a complete set, 
or the minimum number still forming a function which describes the phenomenon completely. 
By forming a dimensional matrix for Eq. (1) as shown in Table 6a, it is apparent that the 
determinant formed by the last two columns of the matrix is not equal to zero. This means 


TABLE 6a—DIMENSIONAL MATRIX FOR TABLE 6b—SOLUTION MATRIX FOR THE 
THE FUNCTION OF THE SHEAR FORCE FUNCTION OF THE SHEAR FORCE FOR 
FOR INITIAL DIAGONAL TENSION INITIAL DIAGONAL TENSION CRACKING 

CRACKING Ve fe’ Pp d b Ee dv’ 

ie i ~s € @ Ff y P JE 1 0 Oo 0 0 

0 0 1 0 0 

0 1 0 

0 0 0 


0 0 l 
0 0 QO 


that the dimensional matrix is of the rank of two, and therefore the number of dimensionless 


products necessary to form a complete set, which will describe the function Fy = 0, is eight 


minus two or six. 

By observation,* V./E,d?, p, b/d, a/d, d/d’, and f.'/E, are indicated as the six dimensionless 
products. To show that they form a complete set, it is necessary to show the solution matrix 
formed by these six dimensionless products is of the rank of six. This is indeed the case when 
the matrix is written as shown in Table 6b, since the determinant formed by the last six columns 
of the matrix is not zero. 

The foregoing analysis indicates that the equation of eight variables can be replaced by a 
function of six dimensionless products as shown in Eq. (m): 


F, (V./E,d?, p, b/d, a d, d/d’, f.'/E.) = 0 
+ V./Ed? = F, (p, b/d, a/d, d/d’, f.'/E,) 

If it is assumed that V, is proportional to b, then Eq. (m) becomes: 
V./Ed? = b/d F;(f.', p, a/d, d/d’ 


or V./E,bd = F; (f.’, p, a/d, d/d’) (n) 


But since the modulus of elasticity of steel can be considered constant, as is also the standard 
effective depth, the equations further reduce to: 


V./bd = Fs, Ct, p,a d, d) (o) 


*There are standard methods to obtain a complete set of dimensionless products but these are not necessary here. 
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It can be shown that F's can be represented by the product of four functions f(f.’), g(p), 
h(a/d), and i(d),* thus: 


V./bd = f(f-’) + gp) + h(a/d) + id) (p) 
This is a simple expression. The only step that remains now is to find these functions for 
the experimental data available to the authors. To do this, a numerical method of successive 


approximation was developed. 


Numerical analysis 


First, the initial diagonal tension cracking load of beams with the same steel percentage, 


span-depth ratio, and effective depth were plotted against the concrete strength. A tentative 
function of concrete strength, f(f-’) in Eq. (p), was developed. Then, the initial diagonal 
tension cracking load of beams with the same span-depth ratio and effective depth were 
divided by this function according to their corresponding concrete strengths, and were plotted 


against the steel percentage. A tentative function of steel percentage, g(p) in Eq. (p) was 
then determined. All the initial diagonal tension cracking loads for beams with the same 
effective depth were then divided through by the functions of concrete strength and steel 
percentage and plotted against the span-depth ratio, and a tentative function of the span- 
depth ratio resulted. Then, dividing all initial diagonal tension cracking loads available by 
the functions of concrete strength, steel percentage, and span-depth ratio just determined, 
and plotting the values obtained against the corresponding effective depth of the beams, a 
tentative function of the effective depth is obtained. Using these tentative functions of the 
steel percentage, span-depth ratio, and the effective depth, an improved function of concrete 
strength was then found. Continuing the cyclic numerical evaluation of these four functions 
the results converged to: 


V./bd = 1.90f,'°-°3 (1 + 0.00562 p'5) (1 + 0.685 d!-42/a'-**) (1 + 13.4/d*6') . (i 


All the final functions of concrete strength, steel percentage, span-depth ratio, and effective 
depth are shown graphically in Fig. 1. 


APPENDIX 3—USE OF NOMOGRAPH TO COMPUTE DIAGONAL 
TENSION CRACKING LOAD 


The following is an outline of the procedure for obtaining the initial diagonal tension crack- 
ing load of a beam simply supported without web and compressive reinforcement by using 
the nomograph in Fig. 2. 


1. A straight line is passed through the values of concrete strength and steel percentage 
of the beam on vertical lines (a) and (e) of the nomograph. The intercept of this 
straight line with (b) is then marked. 

. Connecting this intercept with the value of the span-depth ratio of the beam on the 

left side of the line (c), a value of unit shear force for initial diagonal tension crack- 
ing is read on line (d). This unit shear force for diagonal tension cracking is not cor- 
rected for size effect. 
For a more correct value for the unit shear force for initial diagonal tension cracking, 
connect the uncorrected value with the value of the effective depth of the beam on the 
right side of line (¢), and obtain the corrected value of the unit shear force from line 
(b), the V./bd (corrected) line. 


*See explanation in Appendix 6. 
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1. The shear force for initial diagonal tension cracking is obtained by multiplying the 
final value by the width and the effective depth of the beam. For beams loaded at 
the third points or at the center, the diagonal tension cracking load for the beam is 
twice the shear force for initial diagonal tension cracking. 


APPENDIX 4—DEVELOPMENT OF EQUATION FOR SHEAR-MOMENT 


The following method was used to determine the expression for the magnitude of the shear- 
moment. 


Variables 


If the theory of shear-compression failure is correct,* then the variables that will influence 


the shear-moment of a beam with tensile reinforcement are k, f.’, p, n, 6, d, and F, or kyh 


f.’, p, fx, b, d, and E, as suggested by Laupa’s and Moody’s formulas, respectively. A closet 
examination of either set of these variables shows that the actual independent variables are 


M,, f.', p, n, 6, d, and E,, or 


By introducing the size effect through a ratio of the effective depth of the beams to a standard 
effective depth, the function becomes: 


F,' (M,, f.’ P, bh,d,d’, E 


Dimensional analysis 

The function of seven variables as appeared in Eq. (r) was further reduced to a function 
of a complete set of five dimensionless products through dimensional analysis. The analysis is 
essentially the same as that for the formula for initial diagonal tension cracking and will not 
be shown here. The resulting function after the analysis is: 


F,! (M,/E.d°, p, b/d, f.!/E,, d/d’) = 0 


or M,/E,d = Fg (p, b/d, f.'/E,, d/d’) 
If M, is assumed to be directly proportional to b, then, 
M,/E,d* = b/d - F;’ (2. Jo E,, d/d’) 
or M,/E,bd? = F,' (p, f.’/E,, d/d’) 
But E, can be considered constant and d’ is a constant, therefore Eq. (t) further reduces to: 


M,/bd? 


or M,/bd? = f’ (f.’) + g’ (p) + Wi’ (d) ..(u) 


*With deformed bars meeting ASTM A 305 or end anchorages, bond failures are rare and diagonal cracking will 
occur before reaching the critical shear-moment if the span-depth ratio of the beam is reasonably small 
so small that the shear force will have a large effect on the compressive force in the compression zone 


but not 
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Phe functions f’ (f.’), g’ (p), and h’ (d), are again found through numerical approximation. 
The functions are shown graphically in Fig. 3. The final expression for the shear-moment of 
a concrete beam of any size with tensile reinforcements is: 


M,/bd? = 21.3 f,/°-*> (1 + 0.188 p'-®) (1 + 17.8/d 
for p less than 2.5 percent 
12.8 f.’9-35 (1 + 1.25 p®-*) (1 + 17.8/d3-*5) 


for p greater than 2.5 percent 


APPENDIX 5—USE OF NOMOGRAPH TO COMPUTE SHEAR-MOMENT 


The following is an outline of the procedure for obtaining the shear-moment of a concrete 
beam without web and compressive reinforcement by using the nomograph in Fig. 4. 

1. A straight line is passed through the values of concrete strength and steel percentage 
of the beam on vertical lines (a) and (¢) on the nomograph. An intercept of this 
straight line on (b) gives a unit shear-moment for the beam, but which is not corrected 
for size effect. 

2. A correction for size effect of this unit shear-moment can be made by connecting the 
uncorrected value and the value of the effective depth of the beam on the right side 
of vertical line (c), and obtaining the corrected value of the unit shear-moment of the 
beam on the vertical line (d). 

3. The shear-moment of the beam is obtained by multiplying the unit shear-moment by 
the width, and the square of the effective depth of the beam. 


APPENDIX 6—TRANSFORMATION OF FUNCTION OF DIMENSIONLESS 
PRODUCTS INTO A MULTIPLE OF FUNCTIONS 


A function of a complete set of n dimensionless products can generally be expressed by a 
multiple of n functions, each of which varies with one of the n dimensionless products. This 
can be proved by noting that there are infinite numbers of sets of dimensionless products 
which can describe the physical phenomenon completely, or 


F(x, By 2 2 n a 9 M2, + 2 « " oo = F*(x;', T2', 


In particular, the case of n = 2, then the problem reduces to the following: 


F (m, Wo) 


F, (m’, 1.’ ) 


It can be shown that the function F(a, 22) can be expressed as a sum of the multiple of 
functions which are functions of ; and wo. 


F(m, we) => gi(m) * hy(mo) + go( 1) ‘ ho( 2) + << - + 


= qj( 71) ° hme) +... 


where g,(4,) and h,(a2) are the following type: ajm* and bjr.™. 
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But gi (31) Ay (2) + ge (9) he (2) can be expressed by a function of multiple of two new 


dimensionless products: 
Ji (m1) hy (m2) + J2 (41) he (m2) 
2 (m1) he (42) 
g; (41) hy (we) + I 
g, (31) hy (92 


q’ (wy') h’ (92 


analogy, 


where 7,’ and 72’ can be proved to still form a complete set which describes the physical phe- 


nomenon completely. Since F (a, m2) = F! (a,', r2'), therefore, 


fy (wy") fo! (42! 


This proof can be extended to the case of n dimensionless products so that the following is 
true: 


- ®n) = fi (41) fe (42) 


Discussion of this paper should reach AC! headquarters in triplicate 
by Sept. 1, 1958, for publication in the Part 2, December 1958 JourNAL. 
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Uniform Structural Lightweight Aggregate Concrete 
Through Careful Proportioning and Control* 


By PAUL J. FLUSST 


SYNOPSIS 


Variations in bulk specific gravity of the aggregate and construction require- 
ments make it necessary to give special attention to the careful proportioning, 
proper control, and adjustment of structural lightweight aggregate concrete. 
experience on the Ferry Building, San Francisco, is cited. 


SPECIFICATIONS 
Since the Ferry Building in San Francisco rests on piles, lightweight 
aggregate concrete was used to remodel its north wing for the World Trade 
Center. 


The specifications asked for: 


(1) Two classes of concrete: 
Class 
Cement content, sacks per cu yd 
Maximum water-cement ratio, gal. per sack 
Slump, in. 


28-day compressive strength, psi 2500 
Maximum oven dry weight, lb per cu ft 100 
(2) An expanded shale (Haydite), or an approved equal lightweight aggregate 


(3) A plasticizing and air-entraining admixture (1.50 lb per cu yd 


, or a plasticizing 
and water-reducing admixture (3.75 lb per cu yd 


, or any other approved admixture 
Upon request of the contractor the following were approved: 


(1) For Class A concrete in locations where it was necessary for proper placing 


slump of 5-6 in. with a corresponding increase in cement content to 6.75 sacks. 


(2) The use of a different expanded shale lightweight aggregate (Basalite), which due 
to its round shape gives better workability though for the same reason has a greatet 


tendency to float to the top when the concrete is vibrated, especially in higher slump 
mixes. 


It was decided to use the plasticizing and air-entraining admixture, to 
increase the workability and plasticity of the mix and consequently reduce 
the water requirements at the same slump. 

*Received by the Institute Sept. 16, 1957. Title No. 54-61 is a part of copyrighted JourNAL or THE AMERICAN 
Concrete Institute, V. 29, No. 12, June 1958, Proceedings V. 54 


. Separate prints are available at 50 cents each. 
Discussion (copies in triplicate) should reach the Institute not later than Sept. 1, 1958. Address P. O. Box 4754 
Redford Station, Detroit 19, Mich. 


tMember American Concrete Institute, Testing Engineer, San Francisco Port Authority, San Francisco, Calif 
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MIX PROPORTIONING 


After preliminary mix calculations, a number of trial batches were made 
with varying percentages of lightweight aggregate sand and different struc- 
tural sands (Table 1) and the following properties determined: unit weight, 
wet, hardened (1 day old), and oven dry; yield; cement content; slump; work- 
ability; air content; 7- and 28-day compressive strength. 


TABLE I—SAND GRADINGS The problem was to use the largest 
possible percentage of lightweight 
_ aggregate sand while getting the opti- 

Stream deposited 


Light- aaiereiente Windblown Mum workability without any sacri- 
weight Pacific th , ae ee ee 
aggregate | Rodmill Natural |Coast dune fice i. « ompressive strength. Chis was 


' sand sand si ; ; ; 
— = can = achieved by using approximately 20 
9g 99 


74 + m percent well rounded dune sand as 
50 j 5: . 

33 100 part of the structural sand. 

19 ¢ 96 abl ‘ ° . 

: 10 lable 2 shows the mixes for the two 
2.3 { 0.5 


Percent passing 


classes of concrete, selected from the 

trial batches, as starting points for 
TABLE 2—MIXES SELECTED FROM TRIAL actual production. 

BATCHES 

a Preliminary practical test 


The structural design called, in 


Lightweight aggregate, j : abst 

Inaximum size 1 in., Ib 380 some places, for 6-in. walls, reinforced 
Lightweight aggregate, . % ; 

maximum size 9/16 in., Ib 440 bv a curtain of #4 bars at 12-in. cen- 
Lightweight aggregate sand, ° | 

Ib 540 rs ok ( rhe or » lig = 
+ er ya ters. o find out whether the light 
Dune sand, lb 200 190 elgg agcorecate r socrecate . 
Coment te etuntin| te weight aggre gate would segregate o1 
Admixture, lb I 1 float when vibrating Class A concrete, 
Unit weight, wet, lb per + 2 ‘ : - 

cu ft 111.65 107 . 26 placed in 6-ft lifts, the contractor 
Unit weight, hardened, lb : ; 3 

_per cu ft 112.30 108. 30 built a test wall. It was determined 
Unit weight, oven dry, lb he F 

per cu ft 98.10 94.65 that only small diameter vibrators 
Yield, cu ft 27.25 00 . : : 
Cement content, sacks per i ‘ could be used without any detrimental 

cu ye >. Of 5 .§ . 
Slump, in. 3% 3 ffect. fter curing » gS rs 
ee sitey atin |Weresen * ffect. After curing, the test w all 
Air content, percent 4.2 was cut and showed an excellent dis- 
7-day compressive strength, 7 E i f $ 

psi 1925 1910 . ) ‘ sizes ( 7 o 1g 
20 dee cinienaies toenath. tribution of all sizes of lightweight 
psi 3310 2700 aggregate. 


CONTROL AND ADJUSTMENT 


Before going into production, an expedient system of control and adjust- 
ment had to be devised to compensate for variations in bulk specific gravity 
of the lightweight aggregate due to unavoidable differences in (1) expansion 
and (2) saturation, although the material was kept wet constantly by sprin- 
kling. 


To keep up with production it was decided to base all figures on the wet 
unit weight and yield, using the actual batch weights. Several sets of batch 





STRUCTURAL LIGHTWEIGHT CONCRETE 


TABLE 3—CONCRETE PLANT REPORT ON LIGHTWEIGHT AGGREGATE 
CONCRETE 


Load No. 1 
Mix No. 3 
Lightweight aggregate, 1 in. 

max., lb 350 
Lightweight aggregate, 

9/16 in. max., lb 410 
Lightweight sand, lb 500 
Concrete sand, natural, Ib 660 
Dune sand, lb 200 
Cement, Ib 611 
Added water, lb 184 
Total, lb 2916 
Unit weight, wet, lb per cu ft 112.0 
Yield, cu ft 26.0 
Cement content, sacks per 

cu yd 6.75 
Slump, in 
Cylinder No. 

Admixture, lb 


tickets were provided in which only the lightweight aggregate weights were 
proportionately increased or decreased, while the added water was to be 
gaged to arrive at the desired slump, which was checked regularly. When the 
yield was off more than approximately / cu ft either way the batch weights 
were changed accordingly. Similarly the added water was increased or de- 
creased when an adjustment of the slump was necessary. Whenever the 
ready-mixed concrete plant had to change over to conventional concrete 

due to intermittent concreting—part of the mixing water was withheld and 
used to wash out the mixer. In this case the material had to receive an addi- 
tional mixing in the truck before the unit weight sample was taken. Fre- 
quently it happened that the first trucks arrived at the job with concrete 
having too low a slump. This was probably due to the fact that the light- 


weight aggregate had not been fully saturated and absorbed part of the mix- 


ing water. Water was then added under the supervision of an inspector. 


For this reason the compression test cylinders and the corresponding slumps 
were taken on the job, after any necessary addition of water. 


Table 3 shows the form used for the control and adjustment. 


TABLE 4—TEST RESULTS 


Class of concrete 


t 5 
Sacks of cement per cu yd 
Range Average Range Average Range 


Unit weight, wet, 107.50-115.00 111.40 107.50-113.00 110.20 106.90-111.90 109.75 
Ib per cu ft 

Unit weight, hardened, 107 .40-118.45) 112.64 106.75-114.30 111.84 |106.10-113.65 110.00 
Ib per cu ft 

Unit weight, oven dry Not enough 93.00-101.75 98.00 94.45- 99.50 96.3 
Ib per cu ft data available 

Cement content, 6.53-7 .00 6.74 6.36-6.60 6.47 5. 63-6 .00 5.91 
sacks per cu yd 

Slump, in. 3to 6 5g 3 to 6 116 } to 6 il4 

28-day compressive 3050-3840 3473 2950-3930 3357 2860-3510 4170 
strength, psi 

Standard deviation, psi 236 244 185 

Coefficient of variation, 6.8 7.3 5 8 
percent 
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WORLD TRADE CENTER ‘ , WORLD TRADE CENTER 
FIRST FLOOR SLAB —— EAST WALL 


Fig. 1—Samples of lightweight aggregate concrete from floor slab and wall 


TEST RESULTS 


The test results in Table 4 show that the unit weights and cement con- 
tents fluctuated due to the nature of the lightweight aggregate, while the 
slumps were adjusted on the job to suit particular requirements, which prob- 
ably accounts for their wider variations. However, the 28-day compressive 
strengths and their coefficients of variation were well below the 10 percent 
established for an excellent control standard for general construction. 
Distribution of lightweight aggregate 

Though the test data bring out the structural strength of the concrete 
there was no proof that the material in place had not segregated, especially 
in the higher slump mixes which were used for the 6-in. walls. 


When the World Trade Center was ready for occupancy many of the 
prospective tenants asked for alterations to fit their own needs. Among 
other things several windows had to be cut into the 6-in. east wall and ducts 
and conduits had to be accommodated in the floors. Fig. 1 shows that no 
segregation or floating up had taken place and that all sizes of lightweight 
aggregate are evenly distributed. 


CONCLUSIONS 


The results indicate that proper mix proportioning and, above all, constant 
as well as expedient control make it possible to overcome the variations in- 
herent in lightweight aggregate and to produce structural concrete com- 
parable in uniformity to that with conventional aggregate. 


Discussion of this paper should reach ACI headquarters in triplicate 
by Sept. 1, 1958, for publication in the Part 2, December 1958 JourNAL. 











Title No. 54-62 


Effect of Mixing and Curing Temperature on 
Concrete Strength® 


By PAUL KLIEGERT 


SYNOPSIS 


Comprehensive study was made of compressive and flexural strengths pro- 
duced by different types of portland cement used in concretes mixed, placed, 
and cured at various temperatures between 25 F and 120 F. Tests indicate 
that there is a temperature during the early life of concrete which is considered 
optimum with regard to strength at later ages. 

Effect of calcium chloride on strength at varying temperatures of mixing, 
placing, and curing is reported. Effect of cement temperature was found un- 
important, except as it affected concrete temperature after mixing. More air- 
entraining agent was required for given air content as concrete temperature 
increased and slump decreased. 


INTRODUCTION 


This study was prompted by the need for more detailed information on the 
influence of temperature during mixing, placing, and curing on concrete 
strength development. The necessity for continuing concreting operations 
despite high temperatures during the summer and low temperatures during 
winter is increasing. Although it is known that high temperatures increase 
the rate of hydration of cement, the effect of this increase on strength de- 
velopment needs investigating. 

Specific information was sought on compressive and flexural strengths 
produced by different types of portland cement when used in concretes mixed, 
placed, and cured at various temperatures ranging from near the freezing 
point to 120 F. Information on the effects of an accelerator under these 
different conditions was also desired. 

Recent tests of the influence of cement temperature on concrete strength 
are reported also. 


SCOPE OF TESTS 


Part I of this study embraced temperatures from 73 F to 25 F; Part II 


covered temperatures from 73 F to 120 F. Mixing, placing, and curing of 
concretes were conducted at temperatures of 120, 105, 90, 73, 55, and 40 F. 
In addition, some concretes mixed and placed at 40 F were cured at 25 F. 


*Received by the Institute July 22, 1957. Based on a paper presented at the ACI 53rd annual convention, 
Dallas, Tex., Feb. 27, 1957. Title No. 54-62 is a part of copyrighted JourNAL or THE AMERICAN CONCRETE IN 
sTirutr, V. 29, No. 12, June 1958, Proceedings V. 54. Separate prints are available at 60 cents each. Discussion 
(copies in triplicate) should reach the Institute not later than Sept. 1, 1958. Address P. O. Box 4754, Redford 
Station, 19, Mich. 

tMember American Concrete Institute, Senior Research Engineer, Applied Research Section, Portland Cement 
Association, Chicago, 
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ASTM Types I, II, and III cements were used. Concretes were made 
both with and without calcium chloride as an accelerator. An air-entraining 
agent was added at the mixer to entrain a prescribed amount of air in all of the 
concretes. 

Concretes were tested at ages ranging from 1 day to 1 year. Included were 
both compressive and flexural strength tests. In a number of tests the tem- 
perature of cement at the time of mixing was varied to determine the influence 
on the strength of concretes produced. 


MATERIALS 

Cement 

ASTM Types I, II, and III cements were used in this study. For both 
Parts I and II, the Type I cements were blends of four different brands and 
the Type III blends of two different brands. One brand of Type II was used 
in Part I, while a blend of two brands of Type II was used in Part II. Chemical 
analyses, calculated potential compound composition, and results of mis- 
cellaneous physical tests of these cements are shown in Table 1. The results 
of strength tests of mortars made with these cements are shown in Table 2. 


Aggregates 

Sand and gravel from Elgin, IIl., were used in the gradings shown in Table 3. 
These aggregates are partly siliceous and partly calcareous natural sand and 
gravel. 


Admixtures 

Neutralized Vinsol resin in solution, added at the mixer, was the air-en- 
training agent. The ‘accelerator was commercial flake calcium chloride 
dissolved in a portion of mixing water prior to use. 


MIXING, PLACING, AND CURING TEMPERATURES 


Concretes were mixed and placed at temperatures of 40, 55, 73, 90, 105, 
and 120 F. Specimens were prepared for test at ages of 1, 3, 7, and 28 days, 
3 months, and 1 year. 

In Part I, all specimens were cured continuously moist (100 percent relative 
humidity) at the mixing and placing temperature for 28 days or less depending 
on the test age. After the initial 28-day period, half of the specimens re- 
maining for tests at 3 months and | year were stored at 73 F and 100 percent 
relative humidity and the remaining half at 73 F and 50 percent relative 
humidity. Additional concretes were mixed and placed at 40 F and then, 
immediately after placing, the specimens in their molds were stored at 25 F. 
Surfaces of the specimens were covered with a double thickness of damp 


burlap (not in direct contact with the concrete surface) and a waterproof 
tarpaulin. After removal from the molds at 1 day, these specimens stored 
at 25 F were covered with a double thickness of initially damp burlap for 28 
days or less depending upon test age. After 28 days, specimens remaining 
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for tests at 3 months and | year were treated like those stored at other tem- 
peratures. 


In Part II, half of the specimens were cured for 7 days moist at the fabri- 


cation temperature while the remain- 
TABLE 3—AGGREGATE GRADING der of the specimens were cured for 28 


— ae Sins inal days moist at the fabrication tempera- 


$ elena “0 Lea , a 90 Aas 
Sieve Percent Sieve No. Percent ture. At the nd ol the ‘ and 28 day 
s ss eee insets preliminary curing periods, each half 
' 114-in. 100 was subdivided into two groups, one 

? : 5 ms . . 
‘a oi = cured at 73 F and 100 percent relative 
humidity, and the other at 73 F and 


30 : No. 4 0 
50 d 
50 percent relative humidity. 


Fineness modulus of sand 2.90 


CONCRETES 


The cement content of all of the concretes was held constant at 515 sacks 
per cu yd. In Part I, the net water-cement ratio for each concrete (partic- 
ular cement type with or without accelerator) was such as to produce a slump 
of approximately 3 in. at a concrete temperature of 55 F. For concretes 
mixed at 40 and 73 F, the net water-cement ratio was held fixed at the value 
determined at 55 F, and the slump was permitted to change. In Part II, 
the net water-cement ratio for each concrete was such as to produce a slump 
of approximately 3 in. at a concrete temperature of 90 F. For the concretes 
mixed at 73, 105, and 120 F, the net water-cement ratio was held at the value 
determined at 90 F, and the slump was permitted to change. Within each 
part of this study, this procedure permitted a direct comparison of strengths 
produced at different temperatures without having to consider changes in 
net water-cement ratio. Continuity between Parts I and II is provided by a 
repetition of all of the concretes at 73 F; therefore comparisons on a percent- 
age basis are valid despite a small difference in net water-cement ratio be- 
tween the concretes in Parts I and II. 


Neutralized Vinsol resin in solution was added at the mixer to entrain 
$14 + 14 percent air in all of the concretes. Changes in the amounts of 
air-entraining agent were necessary to maintain this constant air content 
when changing type of cement or concrete temperature, or when CaCl, was 
used. 

In those mixes containing an accelerator, 2 percent flake calcium chloride 
(by weight of the cement) was used. The calcium chloride was dissolved in 
part of the mixing water prior to mixing. 


CONCRETE MIXING AND FABRICATION OF SPECIMENS 
All materials used in the concretes were stored at the required temperature 
for sufficient time prior to mixing to enable them to reach this temperature. 
The aggregates were weighed in the air-dried condition (moisture content 
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TABLE 4—CONCRETE MIX DATA 


Cement content of all mixes, 5Y%2 sacks per cu yd. Net W/C constant for each cement type. 
Sand percentage, all mixes, 35 percent by absolute volume of total aggregate. 


Cement No CaCl 2 percent CaClo, by weight of cement 
Fabrication 
and curing Concrete Concrete 
tempera- tempera- Average Net Air tempera- Average Net Air 
ASTM =| ture, deg F | ture after slump, W/C content, | ture after slump W/C, content 
Type first 28 days mixing, in gal. per percent mixing in. ral. per | percent 
deg |} sack deg F sack 


Part |, 73 F and below 
4 
4 
4 
4 


18830 


t 
4 
i 
1 


73 
90 
105 
120 


*Fabricated at 40 F and jlaced immediately in ro« 


known) and, 18 to 20 hr prior to use, inundated with a known amount of 
water. Excess water was drawn off and weighed immediately prior to mixing. 

Kach batch contained sufficient concrete to cast two 6x 6 x 30-in. beams. 
34 cu ft capacity Lancirick mixer 
(horizontal open tub). Slump, air content by the pressure method, and con- 


The batches were mixed for 2!'4 min in a 1 


crete temperatures were determined immediately after mixing. 

The specimens were cast in watertight steel molds, following the procedure 
outlined in ASTM C 192-52T. Sufficient batches were mixed (duplicates on 
two different days) so that two specimens were available for each test age and 
curing condition. 


STRENGTH TESTS 


Beams were tested in flexure with load applied at the third-points of an 18- 
in. span. ‘Two flexural breaks were obtained for each beam. The two beam 
ends were tested in compression as 6-in. modified cubes. (For this particular 
aggregate, the ratio of 6x 12-in. cylinder strength to 6-in. modified cube 
strength is 0.93.) For each test age, concrete mix, and curing procedure, 
two beams were tested yielding four flexural and four compressive test results 
for averaging. 
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TABLE 5—COMPRESSIVE STRENGTHS OF CONCRETE. PART I—73 F AND 
BELOW 


Cement content of all mixes, 52 sacks per cu yd. Net W/C constant for each cement type. 
Compression, 6-in. modified cubes. 


Cement Compressive strength, psi 
oo Fabrica- 
tion and 3 monthst 1 yeart 
curing 
Lot ASTM ‘temperature, deg I 3 7 28 100 percent 50 percent 100 percent 50 percent 
No. Type first 28 days days days days relative relative | relative relative 
humidity humidity humidity humidity 


No CaCl 


1410 3120 4490 6050 6360 7070 7190 
580 1930 3750 925 7550 7990 8100 
80 730 2140 518 7120 7010 7730 
40 460 620 58 6290 4300 7360 


19012 : 2640 3930 4780 575 6320 7290 6910 
1440 3180 4010 5 6490 6680 6880 

360 2000 4160 7740 8090 8570 

140 1360 2540 2 6430 6500 6940 

18830 860 1860 2760 505 6480 7070 7440 
400 1140 1990 2 7190 7720 8150 

60 560 1320 ; 7150 6360 7900 

10 220 640 6360 2780 7800 


2 percent CaCle, by weight of cement 


2530 3970 4960 6170 6980 7590 8340 

1390 3210 4610 6°00 7450 7840 8040 

430 1940 3470 5350 7420 7920 8550 

200 950 1930 4080 6550 6530 7910 

19012 ‘ 4440 5900 6820 7310 7820 8050 8680 
5 3030 5120 5780 6740 8100 8230 8500 

1640 3880 5320 6660 7970 7780 8040 

1320 3240 4400 6460 7880 7400 8210 


1870 3300 4180 5690 7210 7640 8160 
1030 2640 3870 5620 7470 7840 8280 
290 1440 2740 4960 7220 7400 8460 
220 920 1870 3180 6920 6400 9020 


*Fabricated at 40 F and placed immediately in room at 25 F 
tCured at 73 F and either 100 percent or 50 percent relative humidity after first 28 days 


All strength tests were made at a concrete temperature of 73 F. Speci- 


mens stored at temperatures other than 73 F were placed in the 73 F moist- 
room for temperature conditioning 1! hr before testing. This length of 
conditioning period, determined on trial specimens containing thermocouples, 
was required specifically for those beams stored at 25 F. 


DISCUSSION OF RESULTS 
Tests of cements and mortars 
All of the ASTM chemical and physical requirements were met by these 
cements (Tables 1 and 2). 


Effect of temperature on slump and water requirements 

Maintaining the net water per cu yd constant in both Parts I and II gen- 
erally resulted in different slump at the different concrete temperatures. 
Fig. 1 shows an idealization of the average effect of concrete temperature 
on the slump of the various concretes made with the Type I and II cements. 
The broken line in this figure shows the idealized slumps as a function of con- 
crete temperature. Approximately 1l-in. decrease in slump resulted for each 
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20-F increase in temperature. As 
seen in Table 4, the slump of the con- 
cretes made with the Type III ce- 


uw 


ments was not influenced by tempera- 
ture. The reason for this behavior is 
not now apparent. 

Auxiliary tests were made at some 


in Water Requirements 


I-inch Change in Slump 


of the different temperature levels to 
determine the changes in water con- 
tent necessary to effect a l-in. change 
in slump (either increase or decrease). 


per 


The solid line in Fig. 1 shows that as 
concrete temperature was increased, a 


Percentage Change 


greater percentage increase in water 











was required to effect a l-in. change - = a ms 
in slump than was required at lower Concrete Temperature - °F 


temperatures. For example, at 73 F 


Fig. 1—Effect of concrete temperature on 


; slump and on water required to change 
will change the slump 1 in., while slump 


a 215 percent change in water content 


at 120 F a 4! percent change in 

Cement content: 52 sacks per cu yd; 442 = 2 
percent air; maximum size of aggregates, 1 in.; 
In a concrete mix with proportions average of data for Types | and Il cements 


water content will be required. 


of solid ingredients fixed, changes in 

water content to maintain slump necessitated by changes in concrete tem- 
perature would result in concomitant changes in net water-cement ratio. 
These changes in net water-cement ratio would influence the strengths de- 
veloped by these concretes. For example, based on the data in Fig. 1, the 
additional water required to maintain the 73 F slump would result in an in- 
crease in net water-cement ratio of about 0.6 gal. per sack for the 120-F 
concretes. In order to maintain the original water-cement ratio, and thereby 
not sacrifice strength, an increase of about 0.6 sacks of cement per cu yd 
would be required for the 120-F concretes. This point will be discussed 
further later in this report. 


Effect of initial and curing temperature on strength development 


In order to facilitate the presentation and discussion of the large amount of 
strength data (Tables 5, 6, 7, 8) obtained, Fig. 2 and 3 have been prepared 
using the strengths expressed as percentages of the 73-F strengths. Fig. 2 
shows the effect of temperature on compressive strength, Fig. 3 the effect on 
flexural strength. These data are for concretes cured moist the first 28 days. 
In Part Il, a 7-day moist-curing period at the fabrication temperature was 
included for comparison with the 28-day moist-curing period at the fabrica- 
tion temperature. The qualitative interpretation of the results for this 7-day 
group is similar to that for the 28-day group. 
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Fig. 2 shows all of the compressive strength data for the three types of 
cement with and without accelerator expressed as percentages of the strengths 
developed at 73 F for each test age. This figure shows the accelerating effect of 
temperatures above 73 F on the early-age strengths with a sacrifice 
ever in strengths at the later ages. On the other hand, the concretes placed 
and cured at temperatures below 73 F, while showing lower strengths at the 
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Fig. 2—Effect of temperature on compressive strength of concretes made with different 
types of cement with and without an accelerator 


Air content of all concretes, 4Y%2 + Y2 percent (neutralized Vinsol resin solution added at mixer); cement 
content of all concretes, 5/2 sacks per cu yd. Within the individual boxes, the net water-cement ratios of the 
concretes are approximately equal (see tabulated data on mix characteristics) 
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TABLE 7—FLEXURAL STRENGTHS OF CONCRETE. PART I—73 F AND BELOW 


Cement content of all mixes, 5/2 sacks per cu yd. Net W/C constant for each cement type. 
Flexure, 1/3-point loading on 18-in. span. 


Cement Flexural strength, psi 
Fabrica- 
tion and 3 monthst 1 yeart 
curing 
Lot ASTM (temperature, deg F 1 3 7 28 (100 percent 50 percent!) 100 percent 50 percent 
No. Type first 28 days day days days days | relative relative | relative relative 
humidity humidity humidity humidity 


No CaCl. 


665 7 85 740 
640 ¢ 850 
580 5 845 


265 2 790 


19012 : 36 : 535 660 
600 
650 


415 


18830 : 31 f 645 
5 530 
460 


165 
2 percent CaCl». by weight of cement 


340 500 540 630 
215 385 4180 570 ‘ 770 
80 265 435 550 5 745 
35 170 270 425 ¢ 660 
19012 : $35 580 625 £690 7: 800 
390 520 56 645 2 755 
240 440 5 585 5 720 
220 »§=6390 ¢ 520 : 690 


305 400 585 7: 750 
180 330 f 565 780 
60 240 340 475 72 700 
45 160 265 350 7 630 


*Fabricated at 40 F and placed immediately in room at 25 F. 
tCured at 73 I and either 100 percent or 50 percent relative humidity after first 28 days. 


early ages, show strengths at the later ages in excess of those developed at 


1 
73 F. This was true even for the concretes mixed and cast at 40 F and stored 
immediately after casting at 25 F for the first 28 days. For example, the 
concrete made with Type I cement (no accelerator) developed during 28 
days at 25 F only 26 percent of the strength developed at 73 F. However, 
subsequent moist curing at 73 F resulted in a compressive strength at 1 year 
102 percent of that resulting from continuous moist curing at 73 F, while the 
concretes at 120 F for the first-28 days showed only 82 percent of the 1-year 
strength at 73 F. For those concretes cured initially at low temperatures 
followed by curing at 73 F, 1-year strengths close to or exceeding those for the 
concretes cured continuously moist at 73 F were attained only when moist 
curing was employed. Air drying during this subsequent 73-F period gen- 
erally resulted in lower strengths, particularly for concretes made with Type | 
and II cements. 

The concretes made with the three different types of cement reacted to 
temperature in a similar manner, but differed somewhat in degree of reaction 
particularly at the earlier ages. For example, the 120-F concrete made with 
Type II cement had a 1-day compressive strength 197 percent of that at 73 F, 
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while the 120-F concrete made with the Type III cement had a l-day com- 
pressive strength 148 percent of that at 73 F. At 1 year, however, the strengths 
of these same concretes were 77 percent and 84 percent, respectively, of the 
F strengths. 


=e 
(o> 


The concretes made with and without the accelerator reacted similarly to 
temperature; however, the effect of temperatures above 73 F on the early 
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Fig. 3—Effect of temperature on flexural strength of concretes made with different 
types of cement with and without an accelerator 
Air content of all concretes, 4Y%2 + 2 percent (neutralized Vinsol resin solution added at mixer); cement 


content of all concretes, 52 sacks per cu yd. Within the individual boxes, the net water-cement ratios of the 
concretes are approximately equal (see tabulated data on mix characteristics) 
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and ultimate strengths was somewhat moderated by the use of calcium 
chloride. 


The data indicate that there is a casting and curing temperature which 
may be considered optimum with regard to the ultimate strength developed. 
For the Type I and II cements without accelerator this optimum is 55 F. 
For the Type III cement without accelerator, the optimum is 40 F. With 
calcium chloride as an accelerator, these optimum temperatures appear some- 
what lower. 


Temperature seems to affect the hydration and hence development of 
strength in two ways. First, there is the known effect of temperature on 
any chemical reaction, the rate of reaction increasing as temperature in- 
creases. Since in a general sense the strength of like concrete mixes is pro- 
portional to the amount of hydration, this greater rate of reaction at the 
higher temperatures accounts for the higher strength at early ages. However, 
a second factor may be that the type of hydration product obtained or the 
physical make-up of the product is influenced by the temperature during this 
hydration. Lower temperatures may be conducive to a better hydration 
product or better physical structure of the product. The role of gypsum as a 
function of temperature needs further investigation in this regard. 


Fig. 3 shows the flexural strength data for these same concretes. The pre- 
ceding discussion of compressive strength data applies equally to the flexural 
strength data. Flexural strengths at early ages increased with increase in 
temperature. At later ages, the effect of temperature was reversed. Those 
concretes made and cured at the lower temperatures showed highest flexural 
strengths at 1 year. The optimum temperatures for flexural strength develop- 
ment appear to be the same as those for compressive strength. 


Effect of age and temperature on strength 

Many investigators have proposed that differences in curing temperature 
can be accounted for in interpreting strength development data by the use of 
a parameter which includes both age and temperature.* This has led to the 
use of the term “degree-days.’”’ The number of “degree-days” representing 
a particular amount of curing is obtained by multiplying the curing time in 
days by the temperature, in deg F, above the minimum temperature for hy- 
dration. The choice of this minimum temperature for hydration is some- 
what arbitrary, however, since it is influenced by the characteristics of the 
cement used, initial concrete temperature, mix proportions, and amount of 
protection afforded by forms. Some exploratory tests indicated that the 
concretes in this study mixed and placed at 40 F and then immediately 
stored at 10 F were capable of developing a small amount of strength during 
28 days at this temperature. On the basis of these tests, this temperature 
of 10 F was selected as the minimum temperature for hydration for these 
concretes. 


*Nurse, R. W., “Steam Curing of Concrete,"’ Magazine of Concrete Research (London), V. 1, No. 2, June 1949 pp. 


79-88. 
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Fig. 4 shows the relationships between degree-days of curing and the com- 
pressive strength of the 25, 55, 73, and 120-F concretes made with Type | 
cement. The separate relationships for each initial concrete temperature 
indicate poor correlation of strength with this parameter. The fact that the 
55-F concretes produced higher strengths at the later ages than the 73-F 
concretes and still higher strengths than the 120 F concretes precludes signifi- 
cant correlation on a basis as simple as degree-days. 


The data for the Types II and III cements and for flexural strengths are 
similar to those shown in Fig. 4. For the concretes containing calcium chloride 
as an accelerator, somewhat better correlation of strength with degree-days 
was obtained. 


A factor not considered in this type of correlation is the presence or absence 
of water during curing. Data for the concretes at 25 F for the first 28 days 
indicate clearly that strength developed during subsequent curing at 73 F 
depends considerably upon the presence of water during this period. This 
was more marked for these 25 F concretes than for the concretes made and 
cured at 40 F and higher. Tables 5, 6, 7, and 8 show strength data for the 
50 percent relative humidity storage condition along with the data for the 
continuously moist-cured concretes. 


Effect of addition of water to maintain slump 

In discussing the effect of temperature on slump and water requirements, 
it was pointed out that the addition of water to concrete at 120 F to obtain 
the same slump as at 73 F would increase the net water-cement ratio of the 
mix, unless additional cement were added to offset this increase in water. 
Fig. 5 shows the compressive strength developed by the 55, 73, and 120-F 
concretes at the same net water-cement ratio. The strengths of the 120-F 
concretes were corrected for the slight difference in water-cement ratio be- 
tween these concretes and the 55 and 73-F concretes, this procedure being 
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Fig. 5—Effect of curing tem- 
perature and addition of 
water to maintain slump on TYPE 1 CEMENT 

the compressive strength 
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possible since the 73-F concretes were prepared in Parts I and II. The effect 
on strength of adding water to the 120-F concretes in order to obtain the 
same slump as the 73-F concretes is shown by the dashed line in this figure. 
The strengths shown in the dashed line were estimated from the change in 
net water-cement ratio which would result from this procedure, the change 
being based on the water-requirement data in Fig. 1. At 28 days, the effect 
of this added water is to reduce strength 500 psi below that of the original 
120-F concrete. While this is approximately a 10 percent reduction, it is 
worth noting that the original 120-F concrete shows 1250 psi less strength 
at 28 days than the 73-F concrete at the same net water-cement ratio. Occur- 
rence of low strengths during hot weather may therefore be attributed to a 
large extent to two factors: increasing water without a concomitant increase 
in cement, and the effect of initial temperature on strength at the later ages. 
Effect of cement type on strength development 

The effect of type of cement on compressive and flexural strength develop- 
ment at the various test ages at the different temperatures can be determined 
from data shown in Tables 5, 6, 7, and 8. 

Concretes made with Type III cements showed higher strengths at early 
ages than concretes made with Type I cements, while concretes made with 
Type II cements showed lower strengths at early ages than concretes made 
with Type I cements. These strength differences tended to disappear at the 
later ages, however. 

These data afford a means of comparing the strength development of the 
concretes made with Type II and Type III cements with those made with 
Type I cements. For example, at 40 F for concretes made without calcium 
chloride the 7-day compressive strength of the concrete made with Type III 
cement (4160 psi) is 195 percent of that made with Type I cement (2140 psi), 
while for the Type II cement (1320 psi) 62 percent of the Type I strength is 


developed. For flexural strengths, the respective percentages are 158 percent 


< 
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Fig. 6—Effect of calcium chlor- 

ide on strength development 

of concretes made with Type | 
cement 
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and 73 percent. These data provide typical information on strength develop- 
ment as affected by cement type over a rather wide temperature range. 
Effect of calcium chloride on strength development 

Information on the effect of calcium chloride on flexural and compressive 


strengths of these concretes can be determined from data in Tables 5, 6, 
and 8. 


fy 


Fig. 6 shows the effect of calcium chloride on flexural and compressive 
strengths of the 40, 55, 73, and 120-F concretes made with the Type I cements. 
Each solid line is a comparison by itself with the dashed 100-percent line, 
which represents the strength attained without calcium chloride. For example, 
at 1 day for the 55-F concretes, the compressive strength of the concrete 
made with 2 percent calcium chloride was 240 percent of that of the mix 
without calcium chloride. For the 120-F concretes, the use of calcium chloride 
produced a compressive strength 150 percent of that of the mix without calcium 
chloride. This means that at 55 F, the calcium chloride produces a_pro- 
portionately greater increase in strength than it does at 120 F. 

For both flexural and compressive strengths, the increases effected by use of 
calcium chloride decreased with an increase in the age of concrete and be- 
came quite small at 28 days and later. For the 120-F concrete, the use of 
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Fig. 7—Effect of temperature 
of cement on concrete strength 
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perature 76 F, cured at 73 F, 100 
percent relative humidity. Dashed 
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calcium chloride produced a smaller increase in compressive strength at the 
early ages; however, this increase appears to persist longer than at the other 
temperatures. Despite the persistence of the increases effected at 120 F, 
these 120-F concretes showed lower strengths at 28 days and later than the 
55 or 73-F concretes made with calcium chloride, as can be seen in Fig. 2 
and Fig. 3. This was true for the three types of cement and for both flexural 


and compressive strength. 


At the later ages, concretes made with calcium chloride showed com- 
pressive strengths equal to or somewhat greater than those without the 
accelerator. The later-age flexural strengths, however, were reduced some- 
what when calcium chloride was used. The reductions encountered at 28 
days and later ages ranged from negligible values to about 10 percent, these 
reductions showing no particular relationship with making and curing tem- 
peratures. The beneficial effects of the accelerator for the low temperature 
early-age concretes are relatively more important than these generally small 
decreases in flexural strength at the later ages. 


Effect of temperature of cement on strength 

High cement temperature has sometimes been blamed for a lowering of 
concrete strength, in spite of evidence to the contrary.* 

Strength tests were made of concretes prepared with the Type I cement 
(Lot No. 18922) at three different cement temperatures: 74, 148, and 177 F. 


Cements at each of these temperatures were used in preparing concretes 
which had temperatures at the end of the mixing period of 76 F and 104 F. 
These final concrete temperatures were attained by adjusting mixing water 
temperatures, using the aggregates maintained at the same temperature as 
that of the concrete after mixing. The 76-F concretes were cured continu- 
ously moist at 73-F. The 104-F concretes were cured continuously moist 
for 7 days at 105 F followed by 21 days moist at 73 F. 


*Report of Working Committee of ASTM Committee C-1, Proceedings, ASTM, V. 32, Part I, 1932, p. 298. 
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TABLE 9—AIR-ENTRAINING AGENT REQUIREMENTS 


Amount of air-entraining agent, ml per lb cement 
Cement CaCl, - 
type percent by weight 55 73 F 90 | 105 I 


I : 2 2.8 3.0 
‘ 2.6 v 


6.4 
4.9 


0 

Fig. 7 shows the flexural and compressive strengths of these concretes at 
7 and 28 days as a function of cement temperature at the time of mixing. 
All of these concretes had the same cement content and the same net water- 
cement ratio, therefore the strengths are directly comparable. The average 
slump of the 74-F concretes was approximately 3 in., while for the 104-F 
concretes the average slump was slightly less than 1 in. It is apparent from 
Fig. 7 that the cement temperature in itself exerts no significant influence 
on the strength of the concrete so long as the comparison is made on the basis 
of equal concrete temperature. The temperature of the concrete during 
curing has by far more influence than the temperature of the cement, as 
shown by the 28-day strengths. The concretes made at 104 F and cured 
7 days at 105 F and 21 days at 73 F had compressive strengths about 1000 
psi lower than the concretes made and cured at normal temperatures. The 
same conclusions can be drawn from the flexural strength data. 

These results show that cement temperature was of concern only insofar 
as it affected the temperature of the concrete after mixing. However, cement 
temperature plays only a small role in the final concrete temperature because 
of the relatively small amount used and its low specific heat. The tempera- 
ture of the aggregates, by virtue of their large quantity, and the temperature 
of the water with its high specific heat exert more influence on the final con- 
crete temperature than the cement.* 


Effect of concrete temperature on Vinsol resin requirements 

The air contents of all of the concretes in this study were maintained within 
the range of 444 + 14 percent. Neutralized Vinsol resin solution was added 
at the mixer as the air-entraining agent. 

Changes in concrete temperature required changes in the amount of air- 
entraining agent per unit of cement needed to entrain 444 + 1/4 percent air. 
The amount of agent required increased with an increase in concrete tem- 
perature. This increased demand with temperature was accentuated some- 
what in these tests since the water content per cu yd was held constant; con- 
sequently slump decreased with increased temperature. The amount of air 
entrained per unit of agent generally increases with an increase in concrete 
slump up to about 5 or 6 in. The air-entraining agent requirements shown in 
Table 9 for the different concrete temperatures are therefore influenced by 
slump in addition to temperature. 


*Swayze, M. A., “Hot Cement Effect on Concrete Mix Temperature,”” ACI Journau, Dec. 1947, Proc. V. 44, 
30, 


p. 330 
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At all temperatures except 120 F, the concretes made with calcium chloride 
as the accelerator required slightly less air-entraining agent than those with- 
out calcium chloride. At 120 F the reverse was true. The requirements for 
the Type I and II cements were approximately equal, while the Type III 
cements required greater quantities of agent than either the Type I or II. 


SUMMARY AND CONCLUSIONS 


Based on these laboratory tests of air-entrained concretes mixed, placed, 
and cured at different temperatures, the following statements appear valid: 


1. Concrete slump generally decreased with an increase in concrete tem- 
perature when the water content was held constant. Increasing the water 
content of concrete without increasing the cement content is one of the reasons 
for reductions in strength during hot weather. 

2. At 1, 3, and 7 days, concrete strengths increase with an increase in the 
initial and curing temperature of the concrete. 

3. Increasing the initial and curing temperatures results in considerably 
lower strengths at 3 months and 1 year. 

4. Temperature influences flexural strength development in much the same 
manner as it does compressive strength development. 

5. Strengths of concretes made with the three cement types used in this 
study were influenced in a like manner by temperature; differences were in 
degree only. 

6. These tests indicate that there is a temperature during the early life 
of the concrete which may be considered optimum with regard to strength at 
later ages, or more strictly, at comparable degrees of hydration. This tem- 
perature is influenced somewhat by cement type. For Types I and II this 
temperature is 55 F, for Type III it is 40 F. 

7. Concrete strengths did not correlate well with the simple index known 
as ‘‘degree-days.” 

8. For concretes with calcium chloride added, strength increases due to the 
accelerator are proportionately greater at early ages and lower temperatures. 
The use of calcium chloride frequently resulted in flexural strengths at later 
ages somewhat lower than for comparable concretes without calcium chloride. 
Maximum reductions noted were of the order of 10 percent. 

9. In these tests, cement temperature by itself exerted no significant in- 
fluence on the strength of the concrete except insofar as it affected the final 
temperature of the concrete after mixing. It is concrete temperature and 
curing temperature which influence strength development and not cement 
temperature. 

10. To maintain a constant amount of entrained air, greater amounts of 
air-entraining agent per unit of cement are required as concrete temperature 
is increased and slump decreased. 


Discussion of this paper should reach ACI headquarters in triplicate 
by Sept. 1, 1958, for publication in the Part 2, December 1958 Journat. 








Title No. 54-63 


Precast Reinforced Concrete Slab Bridges with 
Stiffened Edges 


By ANDREW GALLIAT 


SYNOPSIS 


\ method is given for the design of a simply supported highway bridge con- 
structed of solid precast reinforced concrete slab units and two curb units. 
It is shown that this design improves the transverse wheel load distribution 
and an economical and practical bridge is achieved. 

The paper is divided into (a) a discussion of the variables affecting the trans- 
verse distribution of wheel loads, such as transverse stiffness factor, edge 
stiffness factor, and effective stiffness factor; (b) a design procedure investi- 
gating the effects of the longitudinal and transverse live load moments in the 
slab; and (c) numerical examples showing economy of the proposed structure. 


INTRODUCTION 
Practical experience shows that it is uneconomical to place precast slab 
units side by side to form a slab bridge. The wheel load distribution is lim- 
ited to the width of the precast element, which has to be designed as a freely 
supported beam. 
This paper presents a satisfactory solution for the design and construction 


of a precast slab bridge on the basis of an analysis of all the factors involved. 


Fig. 1—Precast reinforced concrete slab bridge with stiffened edges 


This design requires no in situ concrete but uses several precast interior 
slab units and two exterior curb units (Fig. 1). Since only one group of 
wheel loads, the front axles of the H20-S16-44 trucks, are considered on the 
bridge deck, the bridge span is limited to 24 ft. 

*Received by the Institute June 21, 1957. Title No. 54-63 is a part of copyrighted JourRNAL or THE AMERICAN 
Concrete Institute, V. 29, No. 12, June 1958, Proceedings V. 54. Separate prints are available at 50 cents each. 


Discussion (copies in triplicate) should reach the Institute not later than Sept. 1, 1958. Address P. O. Box 4754, 


Redford Station, Detroit 19, Mich. 
+Member American Concrete Institute, Public Works Department, Hobart, Tasmania, Australia. 
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When all precast units are in position, high tensile steel rods and nuts are 
used at midspan and over supports to tie the entire structure together. Each 
nut may be tightened up with a manual or pneumatic impact wrench de- 
pending on the size of the tie rod. 
Expanding cement mortar is required between adjacent slab units, which 
will exercise a lateral thrust on the slabs and serve as a shear connection. 


Notation 


span of bridge 
distance from center to center of curbs 


= spacing of precast units or width of 


them 


= modulus of elasticity of concrete 


= moment of inertia of longitudinal in- 


terior member 

moment of inertia of longitudinal ex- 
terior member 

moment of inertia of transverse mem- 
ber 

flexural stiffness in longitudinal direc- 
tion = El, 

flexural stiffness in transverse direc- 
tion = EJ, 


= number of transverse diaphragms 


coefficient = 0.493 (m + 1) 


= transverse stiffness factor 


edge stiffness factor = 


z 


= effective stiffness factor = V DD, 


wheel load 
bending moment due to dead and live 
load 


= bending moment due to eccentricity of 


prestress, F 


= torque 


initial prestress force 
effective prestress force 
depth of section 
effective depth of section 


= area of concrete section (steel area not 


deducted ) 


= steel area 


section modulus 


= constant used in reinforced concrete 


design 


= ratio of tensile reinforcement 


compressive stress 


= tensile stress 


_i(72y 

ii 

VARIABLES AFFECTING TRANSVERSE WHEEL LOAD DISTRIBUTION 
Transverse stiffness factor 


A grid supported on four sides can be regarded as the basic structure for a 
bridge constructed of precast slab units and curb units tied together trans- 


versely by high tensile rods. The longitudinal grid members are represented 
by the precast slab units, and the transverse members by “hidden” diaphragms. 
It will be sufficiently accurate to assume that the flexural rigidity of a transverse 
member, D, = EI,, is equal to the flexural rigidity of an interior longitudinal 
member, D, = EI,. Assuming J, = J,, the equation for the transverse 
stiffness factor, X,° can then be written as 


wee Y. ay. 
X = —Ji= lf — i (see Reference 5) 
I 2b, 2b, 


where 7 = 0.493 (m + 1) [see Reference 3].* 


*The coefficient i as given by Leonhardt and Andra’ is 1.0 for one to two diaphragms, 1.6 for two to four dia- 
phragms, and 2.0 for five to six diaphragms. On the other hand, Massonet’ suggests the equation used in this re- 
port, t = 0.493 (m + 1), resulting in i = 0.986 for one diaphragm, 1.479 for two, 1.972 for three, 2.464 for four, 
and 5.423 for ten diaphragms. 
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Therefore, for a structure with ten diaphragms (m = 10), we have 


X = 0.68 (a/b,)3 


’ 


form = 3 
0.25 (a/b,) 
form = | 


0.12 (a/b;) 


The effect of the transverse stiffness XY on the bending moment M, is shown 
in Fig. 2. A bridge structure with no transverse connection is indicated by 
the curve m = 0; a structure with one or three diaphragms by m = | or 
m = 3, respectively. The curve m = ©, H =o on the other hand represents 
a monolithic rectangular slab supported on four edges. 


Edge stiffness factor [H = I.’ /I.|° 

In a bridge constructed of precast slab units of equal stiffness tied together 
in the transverse direction, the exterior slab units can be more heavily loaded 
than the interior ones. Since the design is governed by these more heavily 
loaded exterior units, it leads to over-designed interior units and results in 
uneconomical bridge structures (Curve m = 1, H = 1 in Fig. 2). By using 
two precast curb units with greater stiffness than the slab units (Curve m = 1, 
H = 2 in Fig. 2), both curb units and slab units can be designed to attain 
their full working stress, resulting in much more economical use of material.® 


Effective stiffness factor 


Table 1 shows how the stiffness factor,2 N = VD, D,, varies with the type 
of bridge structure. The two extreme cases are the monolithic slab supported 
on four sides with N = FEh*/{12(1 — y*)| and a structure built of simply 
supported slab units, but not interconnected, with N = 0. The proposed 
structure lies between these two cases. 


To achieve the greatest possible effective stiffness, expanding cement 
mortar may be used in the joints between precast units along with the trans- 
verse high tensile steel tie rods. 


DESIGN PROCEDURE 


Live load moments are computed as the effects of four equal wheel loads. 
For computing the moments from which the curves of this paper were drawn, 
the flexural rigidity of the hidden diaphragm was assumed to be equal to the 
flexural rigidity of a longitudinal slab unit. The width 6; of the slab units 
was taken as 3 ft, but the analysis is applicable with slight modification to 
precast units of b, < 3 ft. 

The effectiveness of a diaphragm is greatest in the center of the bridge span 
and for structures with limited span (24 ft). Only one central diaphragm 
was considered here. ‘Tie rods were employed over each support for practical 
reasons only. 
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Fig. 2—Variation of live load moment at center of slab with span of slab for 24-ft 
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TABLE 1—VARIATION OF EFFECTIVE STIFFNESS FACTOR WITH TYPE OF SLAB BRIDGE 
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Bending moments, M., in precast slab units in longitudinal direction 

The curves in Fig. 2 give the bending moments in the longitudinal direc- 
tion per unit width. The curves m = 1, H = 2 and m = 3, H = 2 were 
computed for concentric loading, i.e., the center line of loading on center 
line of bridge. A check for cases when wheels are shifted toward a curb will 
be satisfactory in all practical cases. Curve m = 1, H = 1 was computed 
for eccentric loading, i.e., an outside wheel near the edge of the slab. Moment 


coefficients are given in terms of P. 


Bending moments, M,, in transverse central diaphragm 

In Fig. 3, the curve m = 1, H = 2 represents a structure with one dia- 
phragm in which the ratio of the flexural rigidity of the curb unit to the slab 
unit is 2. The curve m = 1, H = 1 represents a structure with one dia- 
phragm but having curb and slab units of equal stiffness. The moment is 
given by the coefficient of Pb. 
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Fig. 3 (top)—tive load moment in central diaphragm with span of slab for 24-ft roadway 


Fig. 4 (bottom)—Live load moment in curb with span of slab for 24-ft roadway 
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TABLE 2—PROPERTIES OF STRUCTURAL TABLE 3—PROPERTIES OF HIGH TENSILE 
MEMBERS IN EXAMPLES STEEL TIE RODS 


: y Suggested prestressing force, 
Curb unit Bar Ib Equivalent 
diameter torque, ft-lb 
in. Initial Final 


‘ . Jia- 
Property | Slab unit Dia 
phragm 
, a p is: 
h, in. 15 15 24 \ 12,500 10,850 90 
by, In. 36 36 18 5 20,000 17,250 


. - x % 29,000 25,600 
Ac, 8q In. 540 540 7 37,000 32' 400 


T, in. 10,125 10,125 20,736 49,000 42,500 


. 1 58,000 50,800 
¢e, in. vo 74,000 64,500 


Bending moments, M. in precast curb units in longitudinal direction 

The maximum moment in the curb due to four equal wheel loads is shown 
by the curve of Fig. 4. The group of wheel loads is placed so that the center 
line of the outside wheel is 2 ft from the face of the curb and the successive 
wheel distances are 6 ft, 4 ft, and 6 ft. One diaphragm is used (m = 1) and 
the edge stiffness ratio equals 2. The moment according to the formula M, 
= 0.01 Pa given by the AASHO specification is also shown, 


NUMERICAL EXAMPLES 


In the first example, the stiffness of the curb unit is twice the stiffness of an 
interior slab unit (H = 2). One central diaphragm is used (m = 1). The 
second example also has one diaphragm but curb and slab units are of equal 
stiffness (77 = 1). The third example is a bridge built of precast units placed 
side by side without transverse connection (m = 0). 


Example 1 

Clear width of roadway = 24 ft Spacing of slab units, b; = 3 ft 

Span of bridge, a = 20 ft One diaphragm at midspan, m = | 
Number of precast slab units = 8 Loading = H20-S16-44 and 30 percent. im- 
Number of precast structural curb units = 2 pact allowance 


Properties of members are shown in Table 2. 


Bending moments and stresses in center of slab in longitudinal direction: 


Due to weight of slab 
M, = \% pa? = \& X 188 X 20? = 9400 ft-lb 
Due to four wheel loads and impact: from Fig. 2 for a 20 ft, H = 2andm = 
M, = CP = 0.96 X 16,000 & 1.30 = 20,000 ft-lb 
29,400 ft-lb 


with d = 13.5 in.,n = 12, f, = 18,000 psi, f. = 960 psi, R = 29,400/13.5? = 162, p = 
0.0103 

A, = 13.5 X 12 X 0.0103 = 1.67 sq in. Use 1-in. diameter mild steel bars at 514 in. on 
center. 
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Bending moment and stresses in transverse central diaphragm 


Due to four wheel loads and impact: from Fig. 3 for a = 20 ft, H = 2 and m = 1 


M, = CPb, = 0.63 X 16,000 * 1.30 * 3.0 * 12 = 473,000 in-lb 


Effective prestress force produced by three 1l-in. diameter high tensile tie rods (Table 3 
F = 42,500 X 3 = 127,500 lb and 


1s 


Mr = Fe = — 127,500 X 1.50 = — 191,000 in.-lb 
M, = + 473,000 in.-lb 
> M + 282,000 in.-Ib 


127,500 282,000 & 7.5 
540 10,125 


- 27 psi 
127,500 282,000 * 7.5 

>. 145 psi 
540 10,125 

Bending moments and stresses in center of curb in longitudinal direction 


Due to weight of curb 
M. = 4 qa? = \%& X 450 X 20? = 22,500 ft-lb 
Due to four wheel loads and impact: from Fig. 4 for a = 20 ft, H = 2 and m 
M. = 4 CPa = \% X 0.492 X 16,000 X 1.30 & 20 = 51,000 ft-lb 


73,500 ft-lb 


with d = 22 in., n = 12, f, = 18,000 psi, f. = 760 psi, R = (73,500 X 12)/(18 X 22?) = 
101, p = 0.0063 


A, = 0.0063 XK 22 X 18 = 2.50 sq in. Use three 1%-in. diameter mild steel bars at bottom 
of curb and say three %-in. diameter at top 


Example 2 


Data as in Example 1 but curbs not used as structural members. 


Bending moment in center of slab in longitudinal direction 


Due to four wheel loads and impact: from Fig. 2 fora = 20 ft, H = land m = 1 


M, = CP = 1.22 X 16,000 X 1.30 = 25,400 ft-lb 


Example 3 
Data as before but no transverse connection between slab units. 
Bending moment in center of slab in longitudinal direction: 


Due to.four wheel loads and impact: from Fig. 2 fora = 20 ft, H = land m = 0 


M, = CP = 1.67 X 16,000 X 1.30 = 34,700 ft-lb 
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CONCLUSION 


A comparison of the examples shows that for a structure without transverse 
ties the live load moment is 34,700 ft-lb, but by the use of one central trans- 
verse connection and stiffened curbs this figure may be reduced to 20,000 ft-lb. 

By adopting the method of construction outlined, a considerable saving 
over conventional practice can be achieved. 
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Proportioning Concrete Mixtures Using Fly Ash* 


By C. E. LOVEWELLt and GEORGE W. WASHAt 


SYNOPSIS 


Results of compressive strength tests of concrete are shown comparing 
concrete mixtures containing Chicago fly ash with mixtures made without fly 
ash. The straight portland cement mixes contained from 4 to 6 bags of port- 
land cement per cu yd of concrete and varied in half-bag increments. The 
mixes containing fly ash were proportioned to have approximately the same 
early strengths as the comparable straight portland cement mixes. To accom- 
plish this the cement content could not be reduced by more than 1 bag per 
cu yd of concrete, and the fly ash added had to exceed the amount of cement 
removed. The amount of fly ash needed to replace each pound of cement re- 
moved increased as the richness of the original straight portland cement mix 
decreased. Data show that existing concrete technology can serve as a guide 
in proportioning concrete mixtures containing fly ash and that results can be 
predicted with reasonable accuracy. 


INTRODUCTION 


Many researchers':*:*.* have shown that any percentage replacement of 
portland cement by fly ash on an absolute volume basis has resulted in lower 
strengths up to about 28 days but in greater strengths at 6 months and be- 
yond when less than 30 percent of the cement was replaced. In some types 
of work, such as mass concrete, this pattern of strength gain is satisfactory. 
However, paving and structural concrete frequently are specified with a 14- 
day minimum strength requirement and much of the ready-mixed concrete 
produced is required to meet a minimum 28-day strength. Consequently, 
for these uses, portland cement concrete mixes made with fly ash were 
proportioned to have about the same early strength properties as the 
comparable straight portland cement concrete mixes. Initial test results 
were obtained at several commercial testing laboratories and at the materials 
testing laboratory at Rose Polytechnic Institute. The final test program as 
reported in this paper was carried out at the materials testing laboratory of 
the University of Wisconsin. 

Series A 

The basic program Series A required tests of 360 compression cylinders 
(6x 12 in.). Results showed that approximate strength equality during the 
period from 3 to 28 days was obtained if not more than 1 sack of cement was 
” *Received by the Institute Nov. 7, 1957. Title No. 54-64 is a part of copyrighted JourNaL or THE AMERICAN 
Concrete Institute, V. 29, No. 12, June 1958, Proceedings V. 54. Separate prints are available at 50 cents each. 
Discussion (copies in triplicate) should reach the Institute not later than Sept. 1, 1958. Address P. O. Box 4754, 
Redford Station, Detroit 19, Mich. 


+Member American Concrete Institute, Sales Manager and Service Engineer, Chicago Fly Ash Co., Chicago, III. 
tMember American Concrete Institute, Head, Mechanics Department, University of Wisconsin, Madison, Wis. 
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TABLE 1—AVERAGE FLY ASH ANALYSES* 


Fe2Os, SiO>, AlsOs, CaO MgO Loss SOs; Alaklies Fineness 
percent percent percent percent percent on percent total Blaine 
ignition percent 8q cm per g 


43.0 19.9 f 2.0 7 0.7 3930 


‘ 
47.8 19.6 5 3 2.0 : 1.0 3250 
41.8 19.4 §.% 3.0 ¢ 3230 


*Unit weight of fly ash = 75 lb per cu ft. 


removed from the straight portland mix and if it was replaced by more than 
an equal volume of fly ash. The fly ash replacement was greatest in mixes 
with lowest cement content, and in the maximum case the cement removed 
was replaced by about twice as much fly ash on an absolute volume basis. 
On the basis of available evidence it would be expected that fly ash mixes hav- 
ing 28-day strengths equal to those of straight portland cement mixes would 
also have the other important desirable properties of good concrete such as 
workability, watertightness, finishing characteristics, flexural strength, and 
durability (assuming equal air entrainment). 


Series B 


Tests reported in Series B represent a rather limited program (compression 


tests of 126 cylinders) to determine if other brands of Type I portland cement 
or Type IS portland blast furnace slag cement or other types of Chicago fly 
ash caused any marked differences in behavior characteristics. No significant 
differences were obtained in these tests. The fact that Type IS cements may 
be satisfactorily used in fly ash concrete mixtures has been reported under job 
conditions by R. J. McAllister. In his report of the construction of the 
Shippingport Atomic Power Station he stated that on the basis of weekly 
compressive strength averages of 6900 cu yd of concrete made with Type IS 
cement (517 lb cement per cu yd) the average 28-day compressive strength 
was 4048 psi. The comparable strength based on 7600 cu yd of concrete made 
with Type IS cement and fly ash (414 lb cement and 91 Ib fly ash per cu yd) 
was 3954 psi. Both types of concrete were placed using the same ingredients 
over the same 10-week period. Additional tests at 45 and 90 days indicated 
that the compressive strength of concrete made with fly ash at those ages was 
better than that made without fly ash. 
Series C 

Series C tests were performed to obtain additional information for the 
nominal 6 sacks per cu yd gravel concretes made with and without fly ash. 
Effects of variable ratio of sand to total aggregate and of air entrainment 
on the compressive strength were investigated. A total of 108 compression 
specimens were required for this program. 


MATERIALS 
Three fly ashes, all from the Chicago area, and five Type I portland cements 
and one Type IS portland cement were used. The fly ashes and the average 
analyses given in Table 1 were provided by the Chicago Fly Ash Co. The 
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TABLE 2—PROPERTIES OF AGGREGATES 


Average percent coarser than sieve 
Limestone 
Madison 
sand i I No. 4——-% in No. 
0 
0 
3 
S4 


16 

30 

50 

100 
Fineness modulus 
Unit weight, lb per cu ft 


Absorption, percent 


Specifie gravity 
saturated, surface dry 


cements were purchased in their original containers from dealers in the Chicago 
area. The limestone was purchased in the Chicago area, while the Madison 
sand and gravel were obtained from dealers in Madison, Wis. Information 
on grading, unit weight, absorption, and specific gravity of the aggregates is 
provided in Table 2. 


PROPORTIONING 


The information in Table 3 regarding proportioning of concrete mixes 
made with and without fly ash resulted from several years of field experience 
supported by many additional laboratory studies. The maximum amount of 
portland cement that could be removed from a 4-bag and a 6-bag mix, re- 
spectively, and the amount of fly ash needed to compensate for the early 
strength loss due to removal of cement were established. It was clearly 
demonstrated that it was possible to remove more cement from the 4-bag 
mix than from the 6-bag mix, and also that the 4-bag mix required as much 
as 75 percent more fly ash than the 6-bag mix in order to get the early strengths 
of these mixes essentially equal to those of the comparable mixes made with- 
out fly ash. After information for the two extremes had been determined, 
necessary changes for intermediate mixes were obtained on the basis of a 
straight line interpolation. 

Data in Table 3 show that the cement factor in the mixes without fly ash 
varied from 4.0 to 6.0 in increments of 0.5 sack per cu yd. Both gravel and 
stone coarse aggregates were used and maximum sizes for each coarse aggre- 
gate were *4 and 114 in. The ratio of sand to total aggregate for each mix 
is also given. In proportioning the fly ash mixes, 94 lb of portland cement was 
removed from the 4-sack mix, 70.5 lb of portland cement was removed from 
the 6-sack mix, and quantities removed from intermediate mixes were essen- 
tially in accord with a straight-line variation between the extremes. The 
actual cement factor for the mixes made with fly ash varied from 3.0 to 5.25 


sacks per cu yd. The removal of the portland cement was compensated 
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TABLE 3—MIX PROPORTIONS FOR CONCRETE OF SERIES A 


Original mix Chicago fly ash adjusted mix 
Maximum — — ———— — - - 
size coarse Cement Portland Cenient Chicago 
aggregate, factor, Sand cement factor, fly ash Sand 
in. sacks per ratio* removed, sacks per added, ratio* 
cu yd lb cu yd Ib 


Concrete made with gravel aggregate 


1% 4.0 
4 


1% 


1% 
% 


Concrete made with stone aggregate 
= | 


4.0 


sand 


*Sand ratio = - 
total aggregate. 


for by the addition of 150 to 100 lb of fly ash for mixes made with 11-in. 
maximum aggregate, as the cement factor varied from 3.0 to 5.25 sacks per 
cu yd. With *4-in. maximum aggregate the additions varied from 175 to 100 
lb. Also the ratios of sand to total aggregate for the fly ash mixes with 1 /s- 
in. Maximum aggregate were reduced by 0.02 below the values for the con- 
crete mixes without fly ash, and reductions of 0.04 were made for the concrete 
with 34-in. maximum aggregate. Greater reductions in sand-to-total-aggre- 
gate values were made in some mixes in Series C (shown in Table 7). The 
amount of water to obtain slumps of 4 to 5 in. was determined by trial. Mixes 
containing fly ash and 34-in. maximum aggregate had about 3.8 gal. water per 
cu yd of concrete less than comparable mixes made without fly ash for the 
same slump, while the decrease for mixes with 1!4-in. maximum aggregate 
was about 2.8 gal. per cu yd of concrete. 


MANUFACTURE AND TESTING 


Three rounds were made for each variable, and three cylinders (one for 
each of the three test ages) were made for each round. The air dried aggre- 
gate and cementing materials were first machine-mixed for 4 min, then 
water was added, and the mixing continued for an additional 44% min. After 
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TABLE 4—CONCRETE MADE WITH GRAVEL AGGREGATE, SERIES A 


Mixes A-J made with %-in. maximum size gravel, mixes K-U made with 1!42-in. maximum size gravel. Aggre- 
gates, air dry. Cement A, Fly ash A, slump 4-5 in. 


Nom- 
inal - 
cement 


content, | Cement, 
sacks 


sacks per 
cu yd 


*Total water added. 
tu net water = 


Fly ash 


Ratio 
Materials per cu yd wt 
: ae cement 
Fine Coarse + fly ash 
aggre- aggre- 
lb gate, gate, by 
lb lb weight 


1540 1805 B 0 
1480 1815 3: 0 
1435 1820 ‘ 0 
1390 1835 < 0.55 
1340 1850 32 0.! 
1405 1940 0.5 
1360 1965 28) 0.! 
1310 1965 297 0 
1260 1970 : 0 
2000 d 0 


ater added minus water absorbed by aggregates 


Unit 


weight, 
lt 


) per 
cu ft 


150 
149.8 
150 
150 
151 
151 
152. 
152 


151 


Ultimate compressive 


strength, psi 


28 days 


2470 
4090 
3750 
4055 
1835 
3135 
3425 
3720 
4015 
4190 


TABLE 5—CONCRETE MADE WITH STONE AGGREGATE, SERIES A 


Mixes A-J made with %-in. maximum size stone, mixes K-U made with 1'2-in. maximum size stone. 


gates, air dry. Cement A, Fly ash A, slump 4-5 in. 


Nom- 
inal 
Mix cement 


content, | Cement, |Fly ash 


sacks per 
cu yd 


*Total water added. 


sacks 


97 
49 
v8 
i8 
00 


Ratio 
Materials per cu yd w 
ame 
Fine Coarse : fly ~* 
aggre- aggre- |Water,* 
gate, gate, lb by 
lb lb weight 
1660 1660 344 0 
1665 344 0 
1685 345 0.7 
1705 341 0 
725 340 0.5! 
17 308 0 
1795 310 0 
1815 314 
1835 312 
1835 316 


Ib 


1885 
1895 
1910 
1920 
1925 
1950 
1965 
1990 
2000 
2010 


tw = net water = water added minus water absorbed by aggregate. 


Unit 


weight 
| 


b per 
cu ft 


149 
149 
150 
150. 
151 


Aggre- 


Ultimate compressive 
strength, psi 


3 days 28 days 


932 2970 
1185 
1450 
1645 
1990 
860 
1085 
1400 
1740 
2030 


3090 
3625 
4180 
4450 
5185 
3250 
3550 
4345 
1645 
5395 
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mixing, the concrete was discharged and checked for slump, specific weight, 
and air content. When air-entraining agents were used they were added to 
the mixing water. Three 6 x 12-in. cylinders were then cast in waxed card- 
board molds and covered with wet canvas. After 24 hr the molds were re- 
moved and the cylinders were placed in a moist closet at 73 F to test date. 
Prior to testing, both ends of the cylinders were capped with high strength 
plaster. Each reported strength value is the average of three cylinders. 


TEST RESULTS 


Data necessary for comparison of the concrete mixes (Series A) made with 
and without fly ash over a nominal range of 4 to 6 sacks per cu yd and for 
gravel and stone aggregates with maximum sizes of 34 in. and 1! in. are given 
in Tables 4 and 5 and Fig. 1 and 2. The quantities of all materials used in 
each batch are shown in Tables 4 and 5 along with the compressive strength 


GRAVEL CONCRETE 


LEGEND 
*#— -——xKNO F.A. - 31N. GRAVEL 


~® WITH F.A.- 21N. GRAVEL 
28 DAYS | 


STRENGTH 


3,000 -— | e+ NO F.A. -13 IN. GRAVEL| 


4-— --—AWITH F.A.- 15 IN. GRAVEL | 


COMPRESSIVE 





CEMENT CONTENT SK./CU. YD. 


ig. 1—Relation between compressive strength and cement content, gravel concrete 
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data. Curves in Fig. 1 and 2 indicate good parallelism between straight 
portland cement mixes and fly ash blends thereof at all bag levels and at all 
ages tested, with one exception. The 28-day strengths using gravel aggre- 
gates of both top sizes were greater for the fly ash blends than for their straight 
portland cement counterparts in the lean (4 and 4! bags per cu yd) mixes 
and lower in the richest (6 bags per cu yd) mix. 

Table 6 presents results for nominal 5-sack concretes made with and with- 
out fly ash for five different brands of Type I portland cement plus one brand 
of Type IS portland cement, and three different fly ashes. The six brands 
of cement were tested in concrete with and without the same fly ash and one 
brand of cement was tested with and without the three fly ashes, respectively. 
These tests were made to determine whether there was any noteworthy 
difference in relative behavior between various combinations. While it was 
apparent that there was a wide range in 1-day strengths between different 





+ 


Pp 
> 
° 
°o 
°o 


+ 

7, a 

- 

- 4 

2 

- 
- 
= 


“7 LEGEND 


- 


*#——--——-*NO FA. - 21N. STONE 


-©WITH F.A.- 21N. STONE 
28 DAYS 


STRENGTH 
& 
° 
° 
° 


|a————aNO FA. -131N. STONE 


4-——--——A WITH F.A.- 13 IN. STONE 


COMPRESSIVE 


5 
CEMENT CONTENT -  SK./CU. YD 


Fig. 2—Relation between compressive strength and cement content, stone concrete 
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TABLE 6—PROPERTIES OF CONCRETE MADE WITH DIFFERENT TYPES OF 
CEMENT AND FLY ASH, SERIES B* 


Materials per cu yd Ultimate compressive 
strength, psi, at 
Unit 
Cement Fly weight, Fine Coarse 
ash lb per |Cement,| Fly ash, | aggre- aggre- Water,t 
cu ft sacks lb gate, gate,t Ib 1 day 3 days 28 days 
lb 


A - 151.3 4.99 55 1845 31¢ 31: 1140 3510 
Slag 51 1.01) 1.01) 
A 152.1 j : 30: 1960 ‘ 5 1125 3465 
Slag 


1845 Sis 818 2155 4495 
35 1.10 1.09) 
1965 ‘ 1950 $125 


1830 30% 96 2110 3965 
5 0.96) 1.04) 
1960 30: 767 2190 3790 


1850 32 ‘ 2140 4300 
(1.10) 1.08 
1965 31% 502 1945 3990 


1830 7 ¢ 2210 4285 
1.05) 1.09) 
1955 297 58 2100 3940 


1845 319 5 1650 3865 

1.05 1 .06) 

138 ¢ 1970 296 397 1580 3630 
25 1.08) 1.07) 

138 : 1965 299 Yi 1535 3595 
1.66) 1.15) 1.05 

138 3 1970 300 376 1435 S675 


*Values in (_ ) are ratios of strengths of concrete without fly ash to those of similar mixes made with fly ash 
+Gravel, %-in. maximum. 
{Total water added. 


TABLE 7—PROPERTIES OF GRAVEL CONCRETE, SERIES C 


Cement Fly Ash B, Ratio of Ultimate compressive strength, 
content, Ib per sand to psi, at 
sacks per cu yd total — 
cu yd aggregate 1 day 3 days 28 days 

j 00 0 36 687 1710 4160 

f 100 é 744 1690 4190 
100 é 757 1730 4170 
100 2 854 1805 4130 


0 4: 677 1740 4230 
100 od 700 1630 4130 
100 ae 677 1610 3880 
100 3: 704 1615 4080 


Croc 


0 . 676 ) 3430 
100 3: 660 39 3420 
100 2g 674 f 3430 
100 . 26 630 35! 3240 


it 
it 
4) 
Yt 


oucwn 


*Mixes O, U, E, and J are the same as those described in Series A but were made at a later time and with a dif- 
ferent shipment of Cement 
Mixes O, U, U1, U2, V, W, X, and Y were made with 1%-in. gravel. 
Mixes E, J, J1, and J2 were made with %-in. gravel. 
+Mixes V, W, X, and Y made with an air-entraining agent respectively contained 4.4, 4.8, 4.5, and 4.5 percent of 
entrained air. 


brands of portland cement, the respective blends thereof with fly ash followed 
the same pattern. The 3-day strengths showed the same wide range with 
parallel results for the fly ash blends. Variation in strengths at 28 days 
between brands of portland cement was much smaller, with the blends prac- 
tically paralleling the straight mixes in this respect. 
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Strength results obtained in Series C are shown in Table 7. Within the 
limits of the tests performed the sand ratio had little effect on compressive 
strength. Generally strengths of the control mixes appeared to be about 
equal to the comparable mixes made with fly ash. With a given cement con- 
tent the strengths of the concretes made with 4 to 5 percent entrained air 
were lower than comparable mixes without entrained air. 


CONCLUSIONS 


1. In order to obtain approximately equal compressive strengths at early 
ages, between 3 and 28 days, mixes made with fly ash must have a total weight 
of portland cement and fly ash greater than the weight of the cement used in 
the comparable straight portland cement mixes. The latter mixes will, how- 
ever, contain from °4 to 1 sack more cement per cu yd of concrete. 

2. The maximum amount of fly ash should be used with lean concretes. 
With the materials used in these tests, 175 lb of fly ash was used to replace 1 
sack of cement per cu yd of concrete in a nominal 4-sack mix, while 100 lb of 
fly ash was used to replace *4 sack of cement per cu yd of concrete in a nominal 
6-sack mix. The actual amounts will vary with the type of fly ash and aggre- 
gates used as well as with the richness of the mix. 


3. The ratios of sand to total aggregate for mixes made with fly ash should 
be reduced 0.02 to 0.04 below those used in comparable straight portland 


cement mixes having equal early compressive strengths. 

+. With relatively few check tests, mix proportions for concrete containing 
a given fly ash and a given set of aggregates can be developed that will give 
results which may be predicted with reasonable accuracy. 
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Title No. 54-65 






Military Personnel Records Center Built Without 
Expansion Joints* 


By EARL B. COHN¢ and W. A. WALLY 







SYNOPSIS 










One of the 20 largest buildings in the world is the Military Personnel Records 
Center in St. Louis, Mo. Construction of the main building (728 x 282 ft) 






without expansion joints is a significant design feature, and the case for omis- 






sion of expansion joints is discussed in some detail. Cracking of floor slabs and 






building movement subsequent to construction are discussed 






This structure has demonstrated the feasibility of building large reinforced 






concrete structures without expansion joints; safety and satisfactory per- 






formance are possible if the structure is designed and construction controlled 






in conformity with recognized engineering principles. 







INTRODUCTION 










One of the 20 largest buildings in the world has been constructed by the 
federal government to house the records of all the military personnel of the 
United States. This building, the Military Personnel Records Center, was 
built in St. Louis, Mo., with the principal construction contract completed in 






1956. Development of its design to house more than 38 million service records 






of the armed forces and to make them easily accessible to a working force of 






1000 persons for as many as 56,000 daily references is an interesting story in 






itself, that has already been published (Architectural Record, Aug. 1956). 






Cost experience indicated that the optimum economy of construction to 






house an activitity of this type containing 1,340,000 sq ft was a reinforced 
: YI 1 







concrete warehouse-type structure, having six stories and basement. A six- 
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Fig. 1—Typical floor plan 


story main building, 728 ft x 282 ft, and a two-story cafeteria, 236 x 103 ft, 
which is connected to the main building by two enclosed corridors, were 
ultimately developed. Construction of the main building without expansion 
joints is probably the most significant of the design features. Omission of 
expansion joints saved money, avoided an awkward plan condition, and 
minimized future maintenance problems. Expansion joints are used at 
beth ends of the connecting corridors between the main building and the 
cafeteria wing (Fig. 1). 


STRUCTURAL DESIGN 


In general, the superstructure is standard skeleton construction of rein- 
forced concrete, using conventional flat slabs with caps and drop panels on 
spirally reinforced square columns spaced 22 ft 4 in. on centers, with the first 
row of columns about 7 ft inside the exterior walls. Studies of various panel 
dimensions and slab thicknesses indicated that an 8 in. thick flat slab, 8 x 8-ft 
drop panels, and columns spaced 22 ft 4 in. on centers, having 5 x 5-ft caps, 
was the most economical design. The drop was made coritinuous oetween 
all outer columns on the perimeter of the building. 

All floor slabs of the main building were designed for a live load of 200 psf, 
regardless of whether the area was used for storage or for office, thus allow- 
ing maximum flexibility in use of floor space. Column and footing designs 
were based on 4. live load of 180 psf on all floor areas. “Building Code Re- 
quirements for Reinforced Concrete (ACI 318-51)” was used as a basis for 
design. 
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Concrete for the project was mixed under inspection at a ready-mixed con- 
crete plant and was made with Type I portland cement. A 5!9-bag mixture 
with a water-cement ratio of 0.48 met the requirements for Class A concrete 
(3000 psi at 28 days). 


Cast-in-place concrete pile footings and spread footings were considered in 
the preliminary design; the latter proved more economical. Differential and 
time settlement studies of a spread footing foundation were made from the 
results of laboratory tests. The building frame is sufficiently flexible to re- 
distribute to quite an extent any irregular loading from differential settle- 
ment and strong enough as an entity to take appreciable differential settle- 
ment without damage. 


Elimination of expansion joints 

Expansion joints were not installed in the structural frame of the main 
building. The floor system design contemplated use of either a construction 
joint or a control joint with a weakened section at a distance of approxi- 
mately 44 ft in both directions. The floor system was actually placed in a 
checkerboard pattern with an elapsed time of at least 48 hr before casting an 
adjacent unit. Under this procedure, all control joints became construction 
joints. Construction joints were made with the slab reinforcement continuous 
through the joint and with #4 dowels 3 ft long at 12 in. on center in the top of 
the slab. The length of placement in the grade beam walls was limited to 89 
ft 4in., with control joints at 22-ft centers. Control joints were placed in the 
grade beam walls midway between columns. They were made with 114 in. 
deep rubber strips in the outside face of the wall and °4 in. deep redwood 
strips on the inside face. To provide a further weakened plane, alternate 
horizontal bars were cut at this control joint. 


Before deciding to omit expansion joints from the building, the structural 
engineer made an extensive study of a number of large buildings constructed 
without expansion joints and of the movement of expansion joints in existing 
buildings. Measurements and checking of the movement of expansion joints 
in nine federal buildings in Washington, D. C., of various shapes and con- 
struction, designed by structural engineers of the Public Buildings Adminis- 
tration, showed as might be expected that the movement in expansion joints 
was less in air-conditioned buildings than in non-air-conditioned buildings, 


and also that the greatest movement generally takes place at the top floor. 


The movement of joints ranged from about 14 in. in air-conditioned buildings 
to lo in. for non-air-conditioned buildings. 


The principal encouragement to the decision of the structural engineer 
to recommend the omission of expansion joints was obtained from inspection 
and study of the General Accounting Building in Washington, D. C. The 
General Accounting Building has seven stories and basement and an overall 
length of 638 ft; it was constructed without expansion joints, but control 
joints were placed throughout the floor and wall systems between alternate 
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columns or approximately 50 ft in each direction. No evidence of distress 
resulting from the omission of expansion joints was found. 


The main building of the Military Personnel Records Center has an 8&!5 
Sy . ~~ 


percent greater diagonal dimension than the General Accounting Building, 
but otherwise the factors considered are, in general, favorable to omission of 
expansion joints in the records center building. Both are flat slab construc- 
tion and the heights are comparable. The records building is a perfect rec- 
tangle; the accounting building is not. The live load of the records center 
building is greater, resulting in sturdier construction. St. Louis and Wash- 
ington, D. C., have substantially the same temperature differential. In 
rationalizing the case for the omission of expansion joints in the records center 
building, the structural engineer, William C. E. Becker, stated: 


Any attempt to logically explain the fact that there is no expansion distress in the 
accounting building leads to the tentative conclusion, at least, that the effects of 
shrinkage and a rise in temperature tend to offset each other. 

An examination of test data pertaining to shrinkage or volume change resulting from 
the setting of cement and the loss of water shows that the coefficient of shrinkage varies 
between 0.0003 and 0.0008, depending on many factors. The coefficient of expansion o1 
contraction due to temperature change is about 0.0000055 per deg F. 

Assuming the coefficient of shrinkage to be 0.0003, hardening of the concrete will en- 
deavor to cause a contraction equivalent to a drop in temperature of about 55 F. Cor- 
respondingly, a higher coefficient of shrinkage will cause the equivalent of a greater 
drop in temperature. Shrinkage prestresses reinforcing steel 

This comparison indicates that shrinkage produces a deformation that is equivalent 
to the “absorption”’ of a certain amount of thermal deformation. In other words, after 
shrinkage at a coefficient of 0.9003, the temperature would have to rise 55 F in order to 
bring the deformation back to what it was before shrinkage began. 

If the frame is broken up, as it were, between control joints as was done in the ac- 
counting building and shrinkage is localized after a fashion, it seems that one could go on 
indefinitely without an expansion joint because a rise of 55 F or more in temperature 
is rare after a reinforced concrete frame is cast. 

In any case, it is reasonable and proper, in the opinion of the structural engineer, to 
conclude that experience with the Military Personnel Records Center with no expansion 
joints will be no worse than it is with the accounting building. There is some indication 
that it should be better since the records center building is a perfect rectangle, and the 
distance between control joints will be less (44 ft 8 in. as compared with 50 ft) 

That the effect of shrinkage substantially counteracts the effect of a rise in tempera- 
ture in a building frame must be true, for any attempt to provide in the basement corner 
columns of buildings say 300 x 150 ft enough strength to resist the forces equivalent to 
those that would cause temperature elongations, will result in ridiculous sizes, com- 
pared with what is being used in such buildings with no distress. - In other words, there 
are many buildings of such representative size (approximately 300 x 150 ft) where any 
consideration of temperature stresses in basement columns was neglected and they 
have shown no distress that can be traced to the omission of an expansion joint. Fur- 
ther, the structural engineer knows of no attempt in the construction of such buildings 
to control the location of shrinkage cracks as was done in the construction of the account- 
ing building. 


The structural engineer’s arguments continued: 


Suppose the General Accounting Building had been built without control joints. In 
that case nature would have provided its usual unsightly and irregular shrinkage cracks, 
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“absorbing” the equivalent of a certain temperature drop. Beyond that there would 
be no further expansion unt the ‘‘absorbed’’ stresses were relieved by a rise in tem- 
perature. Apparently, the accounting building frame has not been subjected to a rise 
in temperature of such magnitude as to completely eliminate the effect of shrinkage 
and consequently damage the architectural clothing. An examination of the exterior 
walls revealed no distress. Because of the success of the elimination of expansion 
joints in the accounting building it is confidently believed there should be corresponding 
success and satisfaction in eliminating expansion joints in the Military Personnel Records 
Center. 

What has been done in the accounting building in providing no expansion joints 
corresponds to work in other fields of construction. In “A Discussion of Jointing Prac- 
tice in Concrete Pavements’’ prepared by the technical staff of the Portland Cement 
Association, dated July 1939, shrinkage is shown conclusively to be more important 
than expansion. This discussion concludes that practically all expansion joints in road 
paving can be safely eliminated if contraction joints at proper intervals are provided 
and maintained. Casual observation of modern concrete highway construction reveals 
that the practical application of this conclusion has been successful and satisfactory 

Modern railroad construction has eliminated many rail expansion joints by local- 
izing and safely resisting temperature stresses. The same is true for streetcar rail 
construction 1n paved streets 


Cracking in floor slabs 

A somewhat disconcerting factor in the construction of the building was 
the appearance of considerable cracking in the floor slabs. The cracks were 
more numerous and wider on the second floor than elsewhere. These cracks, 
varying from hairline to 1/16 in. wide, do not appear to extend through the 
slab. Cores taken through the cracks indicate that they are closed on the 
under side. Fig. 2 shows the pattern of cracks visible on a part of the second 
floor. The crack pattern is most severe in a direction normal to the long 
dimension of the building. 

The symmetrical crack pattern indicates that the cracks result from con- 
traction of the floor slabs and from resistance to this contraction by the 
footings. The cracks are less prominent in the upper floors, probably be- 
cause the footings offer less resistance to contraction there. ‘Temperatures 
during concrete placement ranged from 20 to 108 F. The second-floor slab 
was cast during the summer of 1954 when temperatures of 100 F and over 
were common. This is considered a contributing factor to the cracking. Some 
of the crack locations can be attributed to the discontinuity or change in 
the amount of reinforcement in the top and bottom of the slabs. Since the 
building has been enclosed and maintained at a fairly constant temperature, 
the cracks in the floor are gradually closing up. 

Load test 

Although there was no serious doubt of the ability of the structure to 
carry the design load, it was considered desirable to conduct a load test on a 
floor section to determine its structural strength and to allay any doubts 


regarding the adequacy of the building to perform its function in safety. 


The load test was performed in accordance with the ACI Building Code. 
Two panels were loaded with concrete blocks with load stages of 200, 250, 
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300, 350, and 400 psf. The loads were left in place for 24 hr prior to measuring 
deflections and increasing the load. Fig. 3 shows the deflections, which were 
less than one-half those permitted by the ACI Code. The residual deflection, 
which varied from 0.00 to 0.04 in. upon unloading, was considered negligible 
and no evidence of distress or further opening of cracks resulted from the 
test. 

Building movement 


Provision was made in the construction contract for the installation of 


bench marks on first story columns to permit periodic measurement of vertical 
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LOAD TEST AREA 


TOP SIDE OF SLAB (1/32"TO 1/1G" CRACKS)_——— 
TOP SIDE OF SLAB (UNDER 1/32" CRACKS )_ ——— 
UNDER SIDE OF SLAB (UNDER 1/32" CRACKS)__— —— 
CONSTRUCTION JOINT 


Fig. 2—Partial second floor plan showing crack patterns 
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movement of the building. Markers were also placed in the concrete frame to 
permit measurement of the changes in size of the building with temperature. 
Base markers consist of stainless steel plates cast flush with the exposed 
edges of the floor and roof slabs near the ends and at several intermediate 
points of the building. Bronze bars were placed in the roof slab to project 
above the roof and are at the perimeter of the building at intervals of about 
100 ft. These markers provide a means of convenient, accurate measure- 
ment. Measurements to date, taken during extended periods of hot and cold 
weather, do not indicate any abnormal results. 
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Fig. 3—Measured deflections during load test 
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Foundation settlement that has taken place is much less than the theoretical 
settlement and consequently differential settlements to date have been. in- 
significant, although full live loading of the building has not taken place. 
The weight of excavation removed prior to placement of foundations, in 
some instances, exceeded the loads to be superimposed and therefore care 
was exercised in placing bench marks so that rebound in the foundation 
could be measured. The maximum measured rebound has been 0.014 ft and 
the greatest measured settlement has been 0.061 ft. These amounts are so 
small that if construction procedures, drying out of the foundation, and other 
factors are considered, no particular significance can be discerned. 


CONCLUSIONS 


In considering all factors that could have influenced the extent of the 
cracking, it was concluded that little, if any, beneficial effect would have been 
obtained if two expansion joints had been used. In the design of a similar 
structure, it is recommended that reinforcement be extended in the first 
two or three floor slabs above grade, regardless of structural requirements, to 
assure continuity beyond the pattern of maximum cracking. Also avoiding 
excessively high temperatures during placement and the initial curing should 
further minimize cracking tendencies. 

This structure clearly demonstrates the feasibility of constructing safe, 
satisfactory reinforced concrete structures of considerable size without the use 
of expansion joints, if the structure is designed and construction controlled 


in conformity with recognized principles of engineering. 
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Creep and Creep Recovery of Concrete under 
High Compressive Stress” 


By A. M. FREUDENTHALt and FREDERIC ROLLY 


SYNOPSIS 


Four series of tests studied creep and creep-recovery of concrete under sus- 
tained compressive stresses varying between approximately 15 and 65 percent 
of the 28-day compressive strength. Test specimens, loaded at 28 days, were 
cylinders 10 in. high, 3 and 4 in. in diameter, made with four different mixes. 
The creep tests were conducted under conditions of controlled temperature and 
humidity. Shrinkage of unloaded control specimens in the same environment 
was recorded so that the actual creep curves (total time-dependent deforma- 
tion minus shrinkage) could be obtained. 

Supplementary compression tests were conducted to determine the effect 
of sustained load on strength and modulus of elasticity of the concrete. 

To reproduce and represent the observed creep and creep-recovery curves, a 
mechanical model was introduced consisting of four elements, each represent- 
ing a specific type of contribution to total creep. Model constants were evalu- 
ated and their variation with respect to mix and applied stress determined. 

Using creep equations derived from the model, creep was predicted for four 
stress levels of each mix of Series [V. The equations were also used for evalu- 
ating stress relaxation from various stress levels 


INTRODUCTION 


The study of creep of plain concrete has been generally conducted at stress 
levels that were low compared to the ultimate compressive strength of the 
concrete. At such stress levels the creep was found to be directly propor- 
tional to the applied stress.'-'° However, in view of the generally recognized 
nonlinearity between stress and creep rate at high stresses, none of the creep 
equations so far proposed can be applied at stresses higher than 20 to 30 per- 
cent of the ultimate compressive strength, the level where nonlinearity be- 
tween stress and creep becomes apparent.!!.!? 

The series of creep tests conducted at Columbia University were designed 
to study the effect of high stresses, to determine the response of various 
concrete mixes when subjected to the same specific stress levels (percentages 


/ 


of the 28-day ultimate compressive strength, f.’) to study the creep-recovery 


and the response of concrete to a history of loading-unloading cycles, and to 


*Received by the Institute May 6, 1957. Title No. 54-66 is a part of copyrighted Journal or THE AMERICAN 
Concrete Instirute, V. 29, No. 12, June 1958, Proceedings V. 54. Separate prints are available at 75 cents each. 
Discussion (copies in triplicate) should reach the Institute not later than Sept. 1, 1958. Address P. O. Box 4754 
Redford Station, Detroit 19, Mich. 

tProfessor of Civil Engineering, Columbia University, New York, N. Y. 
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devise a mechanical model which would reproduce the observed creep and 
creep-recovery curves, and thus make it possible to predict the creep and 
creep-recovery for various concretes subjected to any arbitrary stress sequence. 
No attempt was made to study the effect of the age of the concrete at the time 
of loading, nor the effect of environment; also, no attempt was made to study 
systematically the effect of the size of test specimen on the observed creep. 
Although effects of these variables are significant, their introduction would 
have required a prohibitive number of test replications. 


DESCRIPTION OF TESTS 
Materials 


Concrete consisted of Type I, portland cement and common sand and gravel supplied by 
local, commercial dealers. The first two test series as described below were made with Saylor’s 
portland cement; the third and fourth test series were made with Lone Star portland cement. 

The sand had a fineness modulus of 2.08; the gravel with a nominal size range of 34 to 14 
in. had a fineness modulus of 6.80, and the combined aggregate a fineness modulus of 5.10. 
For all mixes, the ratio by weight of sand to gravel was 1:1.5. 

Three concrete mixes, 1:1, 1:6, and 1:2.5 (cement to total aggregate by weight) were used 
in each test series. A fourth mix, 1:4, was used in Series IV. 

The 1:1 mix represented an essentially viscous body (cement paste) in which the aggregate 
is “‘floating’’; the 1:6 mix was intended to represent an essentially solid mass of aggregate, the 
voids of which are filled by the viscous cement paste; the 1:2.5 mix was to represent an inter- 
mediate concrete, possibly the richest concrete mix still used in a structure. 

Throughout this report each mix will be designated by the ratios indicated above. Mix 
proportions are shown in Table 1. 


TABLE 1—DESCRIPTION OF TEST MIXES 


Water-cement ratio 
Cement:sand: Volume 
Mix gravel By absolute concentration of 
designation (by weight) By weight volume aggregate* 


70.4:0.6 0.306 0.964 0.374 
O:1.5 0.443 1.393 0.554 
.6:2.4 0.487 1.538 0.651 
23.6 0.525 1.652 0.730 


l 

es 
1: 
1: 


1 
l 
*Ratio of absolute volume of aggregates to absolute volume of concrete. 


Curing and test environment 

Curing conditions and test environment were identical for all mixes and tests. The fresh 
concrete was left in the cylinder ‘molds for approximately 18 hr at ambient laboratory tem- 
perature and humidity. The molds were then stripped and the cylinders placed for 14 days 
in a moist-room at 100 percent relative humidity and approximately 70 F. Subsequently the 
cylinders were stored in an air-conditioned room at 70 F and 60 percent relative humidity. 

After 13 days in the air-conditioned room (28 days after casting), some cylinders were 
moved to the laboratory for compression tests or placed in the loading rigs for the creep tests. 
The loaded cylinders in the creep rigs were then returned to the air-conditioned room where 
they remained until the completion of the creep tests, when they were again returned to the 
laboratory for removal from the creep rigs and subsequent compression tests. Additional 
cylinders of the same mix as tested in the creep rigs were kept in the air-conditioned room for 
compression tests on the last days of creep tests, and for shrinkage measurements. 





CREEP UNDER HIGH COMPRESSIVE STRESS 


Test specimens 


The test specimens subjected to sustained load in the creep rigs were 10 in. high cylinders, 
some 3 in. in diameter, some 4 in. In addition to the 3 in. and 4-in. cylinders, 6 x 12-in. eylin- 
ders were also cast from the same batch to determine compressive strength and elastic modulus 
at 28 days and at the completion of the creep tests. Curing and storage conditions of the 6-in 
cylinders were the same as for the 3 or 4-in. cylinders. Tests were started with 4-in. cylinders 
The high compressive strength achieved necessitated a reduction to the 3-in. size to permit 
application of stresses up to 65 percent of compressive strength. The 6-in. cylinders served 
merely to correlate strength with standard tests. 


Apparatus 

The sustained loads were applied by means of specially designed compression spring type 
loading rigs shown in Fig. 1, similar to the rigs used by Davis and Davis,'? Shank,’ and Washa 
and Fluck.! The rigs were designed so that 
two cylinders could be loaded simultaneously 
in series. The 40,000 lb capacity springs had 
spring constants of approximately 10,000 Ib 
per in., so that the small deformations of the 
test specimens due to creep had little effect 
upon the sustained load 

The deformation of the concrete cylinders 
(instantaneous, creep, instantaneous recovery, 
and time-dependent recovery) were deter- 
mined by means of a 10-in. Whittemore strain 














gage. Readings were taken along three longi- 
tudinal gage lines symmetrically placed a- 
round the circumference of the cylinder. 

To correct the observed deformations for 
shrinkage, special shrinkage rigs were con- 
structed. Shrinkage readings were made by 
means of the 10-in. Whittemore strain gage 
along three longitudinal, symmetrically placed 
gage lines 

The temperature and relative humidity 
were controlled so that a nominal tempera- 
ture of 70 F and a relative humidity of 60 
percent were maintained throughout all tests. 
Temperature and humidity were recorded 
during tests so that any variations of creep 
and shrinkage due to temperature or humidity ; 
onal ten mati: Fig. 1—Creep rigs in air-conditioned room 


Test procedure 
Each test series included the actual creep tests in which various sustained axial compressive 
loads were applied to the test cylinders, and deformations recorded, as well as compression 
tests on control cylinders and cylinders removed from the creep rigs at termination of the creep 
tests. Shrinkage readings on control cylinders were also recorded as part of the creep tests. 
Although the series differed in certain details such as size of cylinders, loading, and duration 
' tests, the following procedures were common to all four series except as noted: 


Creep tests——Before application of sustained test loads to cylinders in the creep rigs, 


an initial load of 500 lb was applied, except for Series I. Whittemore readings were then 
recorded at this initial load. Upon application of the test load, the instantaneous de- 
formation due to the corresponding load increment was recorded. Instantaneous re- 
covery was also recorded when the test load was reduced to 500 Ib at completion of a 
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load cycle (see Series II) or at completion of a test. Periodic Whittemore readings 
were taken during loading and unloading periods, and the time-dependent deformations 
recorded. 


Shrinkage readings were taken on cylinders of the same size and mix, and made from 
the same batch as those used in the creep tests. These shrinkage cylinders were stored 
in the same environment as those used in the creep test. 

Supplementary compression tests—Compression tests to failure were pertormed on 
control cylinders on the first day of creep tests (28 days after casting), and on the last 
day of creep tests. These control cylinders were the same type and mix, cast from the 
same batch as used in the creep tests, and were stored in the same environment as cylin- 
ders used in the creep tests. 


Compression tests on 6 x 12-in. cylinders cast from the same batch used to make con- 
trol and creep test cylinders were conducted to determine the modulus of elasticity and 


TABLE 2—DESCRIPTION OF TEST SERIES 


Loading 
Test - 
Description duration Specimen Percent of 
days Load, Stress, | 28-day 
kips psi | ultimate 
strength 


Sustained loads x 10 in. 40 3180 63 
x 10 in. 20 1590 31% 


x 10 in. 40 3180 51% 
x 10 in. 20 1590 26 


x 10 in. 40 3180 

x 10 in. | 20 1590 

Periodically sustained loads: x10in.| 40 3180 

Applied load sustained for | 4x 10 in. | 20 1590 
28 days followed by an unload- | | 

ing period (500 Ib load) of 28 of x10in.| 40 3180 

days; this sequence repeated x}10 in. 20 } 1590 
three times. After third se- | | 

quence, applied load sustained | | x 10 in. | 40 | 3180 

for additional 203 days. } x 10 in. 20 1590 


Sustained loads | 4x 10in. 40 3180 
| 3x 10in. 1245 

10 in. | 17.! | 2480 

10 in. 26 .3 3720 

10 in. 3: | 4950 


« 10 in. 3180 
< 10 in. { | 1330 
10 in, | 2640 
10 in. 7 3970 


¢ 10 in. 3180 
10 in. 2.§ 1825 
x 10 in. 25.8 3650 
« 10 in, 32.2 4550 
10 in. 38.7 5475 





IV Sustained loads j ‘ 10 in. 8.5 1200 
3x 10 in. | 4.4 | 2110 

10 in. 21.2 } 3000 

10 in, | 27.6 3900 


10 in. 
10 in. 
10 in. 
10 in, 


1270 
2220 
3180 
4130 


to ane 


10 in. ¢ | 1380 
10 in, y. 2420 
10 in. 24, 3450 
10 in. 31. 4480 


10 in. 2.6 1780 
10 in. y 3110 
10in.| 4450 
10 in. | 5650 


*Capacity of test rig. 





CREEP UNDER HIGH COMPRESSIVE STRESS 


compressive strength on the first and last days 
of creep tests. These cylinders were stored 
in the same environment as those used in the 1700 - 


creep tests. 


Compression tests to failure were performed 
on all creep test cylinders immediately after 
removal from the rigs at the completion of 


SF P31. 


creep tests. 

The moduli of elasticity were determined on 
the 6 x 12-in. cylinders and on the cylinders 
in the creep rigs. In both cases the moduli 


Stre 


were defined in terms of the unloading stress 





S 
7 


increment and the corresponding instanta- 





neous strain recovery. 


Strain, in fin 


Stress-strain curves in loading and unload- 


ing were recorded for the 6 x 12-in. cylinders Fig. 2—Stress-strain diagram indicating 


rs ring equal stress increments fr : Leafs : 
by applying equal stress incremen om an method of determination of elastic modulus 


initial stress of 106 psi to a maximum stress of 

1700 psi, and then reducing stresses in the same decrements to the final stress of 106 psi, as 
shown in Fig. 2. The maximum applied stress of 1700 psi was approximately 38, 30, and 19 
percent of the 28-day compressive strength of Mixes 1:6, 1:2.5, and 1:1 respectively; these 
were approximately the same stress levels as those applied to half of the 4x 10-in. cylinders 
used in the creep tests. (See Table 2.) 

The moduli of elasticity of the cylinders in the creep rigs were determined by recording the 
instantaneous strain recovery caused by an unloading stress decrement, as discussed above 
under ‘‘creep tests,’’ at the completion of a load cycle or at completion of tests. 

The purpose and procedure of each test series is described below, and summarized in Table 2. 

Test Series I—The 4x 10-in. cylinders of mixes 1:1, 1:2.5, and 1:6 were loaded to full spring 
capacity (40 kips) and half spring capacity, and loads were sustained for 168 days. 

The purpose was to study effects of variable concrete mixes upon creep at a given stress 
level, and the effect of that stress level upon creep for a given mix. The effect of sustained 
load upon strength and stiffness for the above parameters was also recorded. 

Test Series I1]—Specimens, mixes, and magnitude of loads were the same as in Series I. 
The loads, however, were periodically sustained, being applied for 28 days and essentially 
removed (reduced to 500 Ib) for another 28 days. This loading-unloading sequence was re- 


TABLE 3—COMPRESSIVE STRENGTH AND MODULUS OF ELASTICITY, 
TEST SERIES | 


Loading of creep Compressive strength, psi 
specimens Modulus of 
— elasticity,* 
Creep | million psi 
Speci- Control specimens | _ speci- 
Mix men mens 
Stress, Percent - - - 
psi of ulti- | Control specimens 
mate 28-day | 19-day | 196-day | ( : : - 
} (1) (2) (3) 28-day | 196-day 
4x10in. 3180 63 5040 6210 6420 23 
4x 10 in. 1590 | 31.5 5040 6210 6085 1.23 
6 x 12 in. —_ - 4510 5820 | — 1.29 


4x10in, 3180 | 51.! 6160 7050 7410 1.14 
4x10in. 1590 ‘ | 6160 7050 7250 1.14 
6x12in| — | 6100 6900 asi 1.13 


4x 10in. 3180 K 9360 9310 10,420 0.99 
4x10in. 1590 9360 9310 9410 0.99 
6 x 12 in. — 8770 - - 


*Modulus of elasticity as defined in 


‘test procedure.” 
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399-day 
196-day 


168-day 


lion psi 


million psi 
Creep specimens 
112-day 
mil 


Control specimens 


Modulus of elasticityT, 


Control specimens 


“test procedure.” 
Ratios 


Ratios 
psi 
tests after 10 days 


C 


Compressive strength 
specimen 


tModulus of elasticity as defined in 


Creep 


specimens 
tSpecimens failed during creep 


Compressive strength, psi 
Control specimens 


on of test series. 
ire 


TABLE 5—COMPRESSIVE STRENGTH AND MODULUS OF ELASTICITY, TEST SERIES Ill 


Control specimens 


See descrip 
ultimate 
test proced 


ultimate 


Ww) 
uw 
a 
Ww 
72) 
i 
2] 
Ww 
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x 
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Y 
— 
Ww 
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=! 
wi 
Ww 
O 
2) 
a | 
= 
ap 
fa) 
O 
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fa) 
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< 
= 
© 
pa 
uu 
a 
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w 
Ww 
= 
” 
WY) 
Ww 
a 
a 
= 
oO 
1 
wv 
Ww 
—_d 
foe) 
—. 
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1 
creep s{ 
as defined in 


creep specimens* 


Specimen 
*Periodically susts 
Specimen 
*Modulus of elasticity 


Mix 
Mix 
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peated three times. After the third sequence, loads were re-applied and sustained for an 
additional 203 days. 

The purpose was to study effects of periodically sustained loads upon creep, strength, and 
stiffness, as well as the time-dependent elastic recovery upon unloading (creep-recovery ) 

Test Series 1] I1—Sustained loads of 20, 40, and 60 percent of the 28-day ultimate strengths 
of Mixes 1:1, 1:2.5, and 1:6 were applied to 3 x 10-in. cylinders for 168 days. In addition, a 
sustained load of 50 percent of ultimate strength was applied to a 3 x 10-in. cylinder of Mix 
1:1 for 168 days, and a load of 80 percent of ultimate strength to a 3 x 10-in. cylinder of Mix 
1:6 for 10 days, at which time an explosive failure occurred. A sustained load of full spring 
capacity (40 kips) was applied to 4 x 10-in. cylinders of the three mixes 

The purpose was the same as for Series I. Use of a 3 in. diameter specimen permitted the 
application of the same high stress levels for all three mixes and thus a more direct com- 
parison of the effect of concrete mix upon creep for a given stress level. Use of at least three 
stress levels gave a clearer picture of the nonlinearity of the stress-creep relation. The 4-in. 
cylinder was used only for comparison with results of Series [. 

Test Series 1V—Sustained loads of 20, 35, 50, and 65 percent of the 28-day ultimate strengths 
of Mixes 1:1, 1:2.5, 1:4, and 1:6 were applied to 3 x 10-in. cylinders for 210 days. 

The purpose was to compare theoretical creep, as predicted by the proposed concrete model 
and model constants for the various mixes, with the actual creep. 


TEST RESULTS 


Results of the supplementary compression tests, and the moduli of elas- 
ticity are shown in Tables 3, 4, 5, and 6. Except for Series IV, these tables 
give 28-day compressive strengths, the strength of unloaded control speci- 
mens at the completion of creep tests, and the strength of creep specimens 
after removal from the creep rigs. 

Age-strength relationship 

As expected, the effect of aging alone was to increase strength of the 4 x 10- 
in. and 6 x 12-in. cylinders for Mixes 1:6 and 1:2.5. The effect of aging on 
the rich 1:1 mix, however, was negligible; in some cases it showed a slight 
decrease in strength with age. The effect of aging on the 3 x 10-in. cylinders 
was to decrease the strength for all mixes as shown in Table 5. Although this 
differs from the other results, the observations are so consistent as to suggest 
that the specimen size may have some influence upon the aging properties of 
concrete. The relatively rapid drying of the small specimens may actually 
have a detrimental effect upon the strength of the concrete. Part of this 
effect may, however, be due to the fact that a different brand of cement was 
used in Series III than in Series I and II, as seen by the smallér increase in 
strength with age of 4x 10-in. and 6x 12-in. specimens in Series III, com- 
pared with the strength increase in Series I and II. 


Sustained load effect on strength 


The effect of sustained load upon compressive strength is comparatively 
small for the 4x 10-in. cylinders. The 3x 10-in. cylinders of Mix 1:6, how- 


ever, showed an appreciable increase in strength due to the sustained loads. 


The 3 x 10-in. cylinders of Mix 1:2.5 showed a smaller increase, and those of 
Mix 1:1 a negligible increase. The amount and duration of sustained load 
seemed to have no effect upon the increase in concrete strength. 
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The effects of age and sustained load on compressive strength of larger 
cylinders agree essentially with the results of Washa and Fluck" for 6 x 12-in. 
concrete cylinders of various mixes and types of cements. Although the 
maximum stress applied by Washa and Fluck was only 25 percent of the 
ultimate strength for a period of 101% years, whereas a maximum stress of 
66 percent was applied to the 4.x 10-in. cylinders for periods of 196 to 399 
days, the ratios of increase in strength due to sustained loads was remarkably 
close. The maximum increase was 12 percent for Washa and Fluck’s tests, 
and 11 percent for the Columbia tests. 


Modulus of elasticity 

The effect of age alone upon the modulus of elasticity of the 6x 12-in. 
cylinders, as previously defined, is negligible, or it may even cause a decrease 
in modulus. This directly contradicts the accepted belief of an increase in 
modulus of elasticity with age, when the modulus is defined in the conven- 
tional manner as the slope of a secant of the loading stress-strain curve. The 
moduli of elasticity of the 4 x 10-in. creep specimens of Series II, as defined 
a function of the instantaneous recovery due to unloading—showed no sig- 
nificant effects of age or number of preceding load cycles. Nor did the mag- 
nitude of the sustained stress have any significant effect on the 4 x 10-in. or 


3 x 10-in. cylinders (see Tables 4, 5, and 6). 


The 28-day compressive strengths and moduli of elasticity of 6x 12-in. 
cylinders, and the moduli of the creep specimens when unloaded after 210 


TABLE 6—COMPRESSIVE STRENGTH AND MODULUS OF ELASTICITY, 
TEST SERIES IV 


Loading of creep | Modulus of elasticity,* 
specimens 28-day million psi 
——— _ compressive 
Specimen | strength, Control Creep 
Stress, Percent of psi specimen specimen 
psi } ultimate 28-day 210-day 


K 10 in. 1200 | 20 6000 4.35 

3 x 10 in. 2100 35 6000 5.10 
10 in. 3000 50 6000 | 5.05 

3x 10 in. 3900 i 65 6000 - 5.05 
10 in. - 4990 | } : 

sx 12 in. — - 4260 


3x 10 in, 1270 20 6370 
3 x 10in. 2230 35 6370 
3 x 10 in. 3180 f 6370 
x 10 in. 4140 6370 
x 10 in. - 5930 
12 in. — | 5670 


3 x 10 in. 1380 6900 
10 in. 2420 3! 6900 
3x 10 in. 3450 5 6900 
3 x 10in. 4480 6900 
10 in. - 6900 
12 in. -- | 5950 


3 x 10 in. 1780 8900 
10 in. 3110 3: 8900 
10 in. 4450 8900 
10 in. 5650tT | 8900 
x 10 in. — 8550 
6 x 12 in. —_ | 8270 
| 
*Modulus of elasticity as defined in ‘‘test procedure,” 
tLimited by capacity of test rig. 
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days of sustained load have been tabulated for Series LV for comparison with 
the first three test series. 


Creep study results 


Characteristic creep test results are presented in Fig. 3 to 9 (which also 
show the shrinkage of the controlled cylinders); creep is defined as the total 
axial strain due to a constant sustained stress, less the shrinkage strain, and 
less the initial instantaneous strain. The creep-recovery portions of Fig. 6 
were obtained by subtracting the initial instantaneous strains from the total 
strain recovered in the concrete after removal of load. 


The nonlinearity of the creep-stress relation is apparent in all cases, even 
for 4x 10-in. cylinders of Mix 1:1 on which the maximum stress was only 
34 percent of the ultimate strength. To illustrate this nonlinearity, the 
average creep was plotted as a function of the specific stress level (ratio of 
applied stress to the 28-day ultimate strength) with time as a parameter, for 
Series III as shown in Fig. 10 to 12. From these curves, it would appear that 
creep is a linear function of stress up to stresses which are approximately 20 
to 26 percent of the ultimate strength of the concrete, but nonlinear for higher 
stresses. This limiting stress level appears related to time, being slightly less 
when the load has been sustained for only a short period, and slightly higher 
when the load has been sustained for a long time. 
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Fig. 3—Creep curves obtained with 4 x 10-in. cylinders of Mix 1:6 stressed respectively 
at 31.5 and 63 percent of 28-day compressive strength, compared with theoretical 
curves, Eq. (2b), Series |, (Test results from two cylinders in rig) 
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Fig. 4—Creep curves obtained with 4 x 10-in. cylinders of Mix 1:2.5 stressed respectively 
at 26 and 52 percent of 28-day compressive strength, compared with theoretical 
curves, Eq. (2b), Series | 


Tests conducted by Glanville!! on 1:146:3 rapid hardening concrete in- 
dicated the limiting stress level to be approximately 22!5 percent of the 
ultimate strength when the load had been sustained for 14 days. Tests by 
Davis and Davis" show that the creep is linear up to stresses which are 26 
percent of the ultimate strength when the load had been sustained for 200 


days and 1200 days, and showed definite nonlinearity at stresses of 40 per- 
cent of the ultimate. 


When comparing the creep of different mixes subjected to the same stress 
level, it is seen in Series III and IV that Mix 1:2.5 has the largest creep, and 
Mix 1:6 the smallest. The nonlinearity of the creep due to high stresses is 
the highest for Mix 1:1. 

The creep-recovery, as illustrated in Fig. 6 appears to* be complete within 
a few days after removal of the stress, and appears to be a linear function of 
the previously sustained stress, regardless of the magnitude of that stress 
level. Nor does the number of preceding load cycles seem to have any effect 
upon the creep-recovery. Thus the total recovery, instantaneous and time- 
dependent, is at any time a linear function of the previously applied stress. 

The results described are limited to tests on relatively small cylinders, 
loaded at the same age and for relatively short periods of time, and subjected 
to the same environmental conditions. Tests conducted under other condi- 
tions would lead to different quantitative results, and might even change the 
relationships between these results. 
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PROPOSED MECHANICAL MODEL; MODEL CONSTANTS 


The nature of creep and creep-recovery has been discussed by several 
investigators, notably Shank,* Lorman,‘ Freudenthal,'* Arnan, Reiner, and 
Teinowitz,'!® Ross,* and Cowan.® According to Freudenthal: 


Concrete is formed by an aggregation of loose grains (sand and aggregate) held to- 
gether by a highly viscous liquid, the cement paste. The viscosity of this liquid in- 
creases with time, as a result of chemical changes within the structure (crystallization 
until a complete crystalline network blocks all viscous deformation 

Hardened cement paste is essentially a (nonlinear) Maxwell body of high viscosity and 
cohesion; the aggregates and sand form a noncohesive, granular mass, the resistance of 
which to irrecoverable deformation by shear (in this case identical with “‘gliding rup- 
ture’’) is the result of friction between the grains, which in turn is a function of the 
applied hydrostatic pressure 


Thus, the application of load causes an initial instantaneous deformation, 
part of which is perfectly elastic and is due to the response of the statistically 
isotrppic rigid skeleton formed by the sand, gravel, and cement crystals in 
intimate contact, and part of which is inelastic, resulting in permanent set. 
This latter deformation is caused by the local destruction of cohesion be- 
tween the aggregate particles and the cement paste (Freudenthal, and Arnan, 
Reiner, and Teinowitz). Removal of the load produces, therefore, an in- 
stantaneous recovery which is less than the initial instantaneous deformations: 
subsequent loading or unloading however causes deformations which are 
equal to the initial instantaneous recovery. 
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Fig. 5—Creep curves obtained with 4 x 10-in. cylinders of Mix 1:1 stressed respectively 
at 17 and 34 percent of 28-day compressive strength, compared with theoretical 
curves, Eq. (2b), Series |. Test results from two cylinders in rig 
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Continued application of the load causes the concrete to creep, this creep 
being due to: 


1. Viscous flow of the cement paste (Lorman, Freudenthal, etc. ); 

2. Consolidation due to seepage, or flow of adsorbed water from the cement gel due to 
applied pressure (Lorman and Ross); 

3. Delayed elasticity due to the cement paste acting as a restraint on the elastic 
deformation of the skeleton formed by the aggregate and the cement crystals in the 
manner of ‘“‘Kelvin’s sponge’ (Cowan, and Arnan, Reiner, and Teinowitz); 

4. Permanent deformation caused by localized fracture. 


The total creep increases at a decreasing rate due partly to the increase in 
viscosity of the cement paste as it crystallizes, partly to the completion of 
the delayed elastic and inelastic deformations, and partly to the termination 
of the seepage effect. 

Upon removal of the load, the instantaneous recovery is followed by the 
delayed elastic recovery, or “creep-recovery.’”’ The deformations due to 
viscous flow and local destruction are permanent. The deformation due to 
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Fig. 7—Creep curves obtained with 3 x 10-in. cylinders of Mix 1:6 stressed respectively 

at 20, 40, and 60 percent of 28-day compressive strength, compared with curves of 

4 x 10-in. cylinder stressed at 66 percent of compressive strength as well as with theo- 
retical curves. Eq. (2b). Series Ill, test results from two cylinders in rig 
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seepage, however, may be completely recoverable, partially recoverable, or 
irrecoverable, depending upon environmental conditions. 

When load is applied to the concrete the adsorbed water of the gel is sub- 
jected to a hydrostatic pressure gradient which expels this water from the 
gel toward the surface of the concrete. When the pressure gradient de- 
creases sufficiently so that no more water is expelled, the seepage effect ceases 
and there is no further creep due to seepage. If the load is now removed, 
water on the surface of the concrete is free to return to the pore spaces of the 
gel, the gel expands, and creep due to seepage is fully recovered. If, however, 


the concrete surface is surrounded by a low relative humidity, the water ex- 
pelled to the surface evaporates. If all of the expelled water evaporates 
before the load is removed, then removal of load is not accompanied by re- 


covery, and the creep due to seepage is a permanent deformation. Partial 
evaporation before removal of load results in partial recovery after load 
removal. Thus, the only way in which complete recovery of the creep due 
to seepage can occur is to keep the concrete at 100 percent relative humidity. 


Notation 


fluidity (inverse viscosity) co- = dimensionless constant 
efficient of Element (a) = constant with magnitude of 
fluidity coefficients of Elements unity, but units of time~! 

(b), (ec), and (d) respectively 
= spring constant of Element (a) 


» = spring constants of Elements (b), 


stress limit of linear response 
= ultimate compressive strength of 
, concrete 
(c), and (d) respectively na ' 
: : : critical stress ratio (where linear 
= displacement in model ; 3 
, : relationship ends) 
force in model Pa 
oe ee : ratio of absolute volume of aggre- 
uniaxial strain in creep specimen 
‘ke : gates to absolute volume of con- 
= uniaxial, constant stress in creep 


, crete 
specimen . F » 
te , ratio of absolute volume of water 
relaxation time of Element (a) to absolute volume of cement 
retardation time of Elements (b), water-cement ratio by weight 


(c), and (d) respectively 3 water-aggregate ratio by weight 


Elements of the model 

To reproduce and represent the observed creep and creep-recovery curves 
at the various applied stress levels by analytical expressions, and to identify 
the different components of the total deformation, a mechanical model was 
devised consisting of the following (Fig. 13): 

1. A Maxwell element, consisting of a linear spring and of a dashpot which is non- 
linear with respect to both force and time, coupled in series, which represents the long- 
time viscoelastic response in shear resulting in irrecoverable creep; 

2. A Kelvin or Voigt element, consisting of a linear spring and dashpot coupled in 
parallel, which represents the viscoelastic interaction in shear of solid and fluid phases 
resulting in recoverable creep or ‘‘delayed elasticity”’ ; 

3. A Kelvin element, nonlinear with respect to force, representing the short-time 
“consolidation”’ effects of irrecoverable pore-water motion (seepage) towards the surface 
and subsequent evaporation; 
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t. A Kelvin element, nonlinear with respect to force, representing the irrecoverable 
deformation due to initial, internal, partially destructive readjustments within the 
granular mass of the concrete. 


These elements are coupled in series, so that the total deformation and 
deformation rate at any time can be represented by the sum of the deforma- 
tions and deformation rates of each element. Elements (a) and (b) respond to 
increasing and decreasing forces, but Elements (c) and (d) respond to in- 
creasing forces only. The latter is necessary to reproduce the fact that neither 
the internal readjustment, nor the pore-water motion and drying out effects 
ean generally be reversed by reversing the applied forms, although in the 
ease of (c) a significant recovery might be expected on removal of forces, 
followed by release of the pore-water overpressure if evaporation at the sur- 
face were prevented, as in the case of imperviously covered or submerged 


concrete. 
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Fig. 8—Creep curves obtained with 3 x 10-in. cylinders of Mix 1:2.5 stressed respectively 

at 20.5, 40.5, and 61 percent of 28-day compressive strength, compared with curves 

of 4 x 10-in. cylinders stressed at 54 percent of compressive strength as well as with 
theoretical curves, Eq. (2b). Series Ill, test results from two cylinders in rig 
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To be consistent with the fact that equal amounts of creep-recovery occur 
for equal periods of zero load regardless of the number of previous loading- 
unloading cycles, as discussed earlier, it is reasonable to assume that the 
spring constant ax and fluidity gx (inverse viscosity coefficient) of Element 
(b) remain constant with respect to time and force. For simplicity, and in 
view of the relatively short time that Elements (c) and (d) are effective, it 
is assumed that a, a2, ¢g1, and ge are time-independent; but due to the re- 
sponse of seepage and internal destruction of cohesion, they must be force- 
dependent. 

The spring constant ay of Element (a) is both force and time-independent 
in accordance with the observed fact that equal instantaneous deformation 
(except for the initial instantaneous deformation) and recovery occurs re- 
gardless of the number of previous loading-unloading cycles. Since the 
viscosity of the cement paste changes as the paste crystallizes, and since the 
crystallization depends on time and, probably, pressure, the fluidity is assumed 
to be dependent upon time and load. 

Identifying displacement x and force P in the model with uniaxial strain 
e and uniaxial, constant stress o in the creep specimen, the creep rate and 
creep at time ¢is given by 


c. (o,t) = Ceret/Tm 4 o ape t/TK + @ ae */T + 6 ae t/T 
e(o,t) = Ce* Ty(1 — e*/TM) + o ax(1 — e*/TK) 


+ oaa;(1 — e*/7T1) + gal —e*/T2)........... sae CED) 


If at a time ¢ = 4, the stress is removed, there is an instantaneous recovery, 
cay, followed by the delayed recovery of the reversible Kelvin model. The 
deformation of the dashpot of the Maxwell body, and the deformations of 
Kelvin Elements (c) and (d) which were assumed to respond to increasing 
forces only, are irrecoverable. 

To simplify the evaluation of the six Kelvin constants, it was assumed that 
the retardation times rx and r2 were of the same order of magnitude, and 7, 
of a higher order, such that 7; = 1072 = 107x. These assumptions seemed 
reasonable since creep-recovery and the deformation due to internal destruc- 
tion are apparently completed in a short time, whereas the seepage effects 
and consequent surface evaporation probably take longer to complete. It 
was also assumed that a simple relation existed between the spring constants, 
such that a, = ag + ax. This relation was consistent with Lorman’s con- 
cept of creep;* he cited seepage as the major cause of creep and the observed 
fact that recovery at a given time was a linear function of the previously 
applied stress indicating a constant value of ax. 

Thus, at low stresses at which little internal break-down would occur, 
a, would be very small and the completed seepage effect essentially the same 
as the completed delayed recovery. At high stresses more break-down would 
occur; a would be larger which, in accordance with the assumed relation 








CREEP UNDER HIGH COMPRESSIVE STRESS 1127 


between spring constants, would increase a;, thereby increasing the effect 
of seepage upon creep. 


Eq. (1) can thus be written in terms of only four constants. Hence 
e¢ = Cere*/TM + o a,(e*/T1 + 1007/71) 
e. = Ce oT (1 —et/Tu) +a a(2—e 1 — @ 10/71) ; (2b) 


Using the results of Series I and III, the Maxwell constants b and Ty 
were determined from the straight-line portion of the logarithm of “‘meas- 
ured” creep rate versus time curves, and the Kelvin constants a; and r; then 
evaluated from the creep-time curves. The Maxwell spring constants ay 
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Fig. 9—Creep curves obtained with 3 x 10-in. cylinders of Mix 1:1 stressed respectively 

at 20.5, 41, and 61 percent of 28-day compressive strength, compared with curves of 

4 x 10-in. cylinders stressed at 41 percent of compressive strength as well as with 
theoretical curves, Eq. (2b). Series Ill, test results from two cylinders in rig 
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were also determined for Series II] by measuring instantaneous recovery at 


completion of the test. These constants were then used in Eq. (2) and the 
creep equations written for each mix and stress level of Series I and III. 

The model constants are shown in Table 7, and the creep as obtained from 
Eq. (2) is plotted in Fig. 3, 4, and 5 for Series I, and Fig. 7, 8, and 9 for Series 
III, where they are compared with the actual test results. 

Although Eq. (2) gives an excellent correlation between theoretical and 
measured creep, it gives no indication of the contributions of the four com- 
ponents to the total creep, as shown in Eq. (1). By determining ax, and mak- 
ing use of the suggested relation between the spring constants and the re- 
tardation times, it is possible to evaluate these contributions. 

The average values of the spring constants ay and ax were found from the 
results of Series II for the 4 in. diameter cylinders. By assuming that the 
ratio ax/ay as found for the 4 in. diameter cylinders was the same as those of 
3-in. cylinders, values of ax were found corresponding to values of ay as 
given in Table 7 for the 3-in. cylinders. These constants are shown in Table 8. 

Combining Tables 7 and 8, and letting a2 = a; — ax (but never less than 
zero) and tz = tx = 71/10, the model constants of the four components of 
creep were evaluated and the contribution of each component determined 
from Eq. (1) for ¢ = 28 and ¢ = 250 days to show the relative contributions 
after short and long periods of loading. 

These constants are given in Table 9; contribution of each model element 
to total creep for the two times, ¢ = 28 and ¢ = 250, is shown in Table 10. 


TABLE 7—MODEL CONSTANTS FOR EQ. (2) TEST SERIES | AND Il, 
SUSTAINED LOADS 


Maxwell Kelvin 
Diam- Loading 
eter f.’ am X 106 1 X 108 | o & 10% 
Mix in psi a Percent T sq in. sq in 8q in. per 
psi f.’ a) per lb per lb Ib-day 


1590 31.5 2.§ i. 0.078 1.15 
5040 3180 63 39: , 9.{ 0.195 0.98 
Average) 33: 1.07 


1590 26 2 0.112 29 
6160 3180 o2 ‘ 196 28 
Average : 29 
1590 1 2 
9360 3180 3 216 4 5 146 
Average 


55 
65 


1245 20.5 f 7: ( 040 
6100 2480 40.5 59. ¢ : 5.§ 099 
3720 61 87 
Average 


1330 20.5 
6490 2640 40.5 
3970 61 
Average 


1825 
3650 
8940 4550 
5475 
Average 
3180 66 


3180 54 3.6 
3180 41 ‘ 7 2 2 0.110 
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TABLE 8—INSTANTANEOUS AND DELAYED ELASTICITY 
SPRING CONSTANTS aw AND ax 


Loading 
Test series Mix Diameter fe’ ay X10 ak X 10° 
in ) c, psi percent / sq in. per lb sq in. per lb 
4 ‘ 1590 ; 0.209 0.0462 
3180 4 0.208 0.0471 
0.209 0.0467 


1590 0.2 


247 0.0733 
3180 56 0.245 0.0645 
0.246 


2 0.0689 
9070 1590 7.5 0. 226 0.0660 

3180 35 0.211 0.0519 

20.2 0.0590 

6100 erage 0,246 0.055* 

Ill D5 3 6490 verage 0. 247 0.070* 
3 8940 verage 0. 223 0.060* 


*Based on ratio of ax/ay for 4 in. diameter cylinders 


The model constants of Table 9 were also used to compute the theoretical 
creep of 4 in. diameter cylinders due to periodically sustained loads, and the 
corresponding results compared graphically with the results of Series IL as 
shown in Fig. 6. It was noted that although there was rather good agree- 
ment between the theoretical and measured creep during the loading-un- 
loading periods, there was some deviation during the period of sustained 
loading after the third loading-unloading cycle. Because the creep due to 
the Kelvin elements after a long period of time reaches a constant value 
o (a; + as + ax), it Was assumed that most of the deviation was due to the 
constant Ty of the Maxwell element. The values of 7 were therefore ad- 
justed to bring the theoretical creep into better agreement with the test 
results. 

Although there is considerable variation between the adjusted values 
of Ty, and those originally proposed for Series II, it is noted that the order of 
magnitude has remained unchanged, being 200 to 400 days for Mix 1:6, 100 
to 300 days for Mix 1:2.5, and 200 to 300 days for Mix 1:1. The value of Ty 
appears to be unaffected by the size of the test specimen, as seen by comparing 
the results of tests on the 3 and 4 in. diameter cylinders of Series III, but 
greatly influenced by the type of cement used, as seen by comparing the 
values of 7's, found for the 4 in. diameter cylinders of Series I (Saylor’s cement) 
with those of the 4-in. cylinders of Series III (Lone Star cement). 

The value of the constant 6 of the Maxwell element is stress-dependent, 
slightly affected by mix, and relatively uninfluenced by specimen size or 
cement quality. 

The retardation time 7; of Kelvin Element (c) (the seepage element) is 
stress-dependent, which is consistent with the premise that it would take 
longer for a higher moisture gradient to decrease sufficiently for the seepage 
effect to cease. The fluidity yg; is essentially stress-independent. The com- 


bination of increasing 7; and constant ¢; gives a stress-dependent a, which 


is consistent with the test results and the assumed importance of the seepage 


effect with increAsing stress. 
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As previously noted, the spring constant ax for the Kelvin Element (b) 
(delayed elasticity element) is constant, resulting in a stress-dependent spring 


constant a» for the Kelvin Element (d) (local destruction or breakdown) in 
accordance with the assumed relation a; = az + ax. The retardation times 
tT. and rx vary in the same manner as 7; because of the assumed relation 7; 
= 107.2 = 107rx, but because of the similar order of magnitude of rz and rx 
for all stress levels, it is reasonable to assume a constant value. Thus it is 
assumed that rx is stress-independent. 


GENERALIZED CREEP EQUATIONS 


Eq. (1) or (2) will represent the creep or creep-recovery for various mixes 
at various stress levels if the proper values of the model constants are known; 
the effective use of these equations requires a knowledge of the stress-de- 
pendent and mix-dependent constants as functions of the representative 
parameters. A single equation such as Eq. (1) can not represent the non- 
linear response of the concrete at high stresses and the linear response at low 
stresses. Thus, it is necessary to introduce, for the range of low stresses, 
linear model equations with stress-independent parameters derived from the 
condition that when the creep at a given time ¢ is plotted as a function of 
stress level, the slope of the nonlinear creep versus stress level curve be equal 
to the slope of the linear creep versus stress level curve at a stress ratio o,/f.’ 
at which significant deviation from linear response would become observable. 


J0 














Fig. 10—Total creep after 
t=10, 30, 60, 100, and 160 
days as (interpolated) function 
of the applied specific stress 
ratio (o/f.’) for 3 x 10-in. 
cylinders of Mix 1:6, Series Ill 
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TABLE 1O—CONTRIBUTION OF VARIOUS MODEL ELEMENTS TO CREEP 
IN 10-° IN. PER IN. 


Test series 1 (4-in. diameter 
Period 250 days 
Stress level 315/.’ 3f- 315f-' 0.63f.' 
Element (a), ew 
Element (ce), €: 
Element (d), e2 
Element (b), ex 
Total 
Stress level 
€M 
€1 
e 
€K 
Total 


Stress level 


Total 


Test series III (3-in. diameter 
Period 28 days 250 days 
Stress level 0.205f- 0.405f:' 0. 61fe’ 0.205f’ 0.405f- 


Element (a), ea 7.8 30.8 0 5.5 81.4 


Element (c), €: 5 20.4 ».8 24.¢ 
7 


Element (d), 2 ( 10.9 10.9 
Element (b), ex 1.8 13 , ‘ 13.7 


Total 75.8 55 58.: 130.6 
Stress level ; 0 4 f 0. 405/ 
25 55.8 92.4 
28. 3.5 35.1 
16.6 
18.5 
Total 33 .§ $5 8! 7 6 
Stress level 
€M 
€1 
€2 
€K 


Total 


Although the “stress limits of linear response’ ¢, were found to be time- 
dependent within the range of short times, they approached a time-insensitive 
value of roughly 0.20f.' to 0.26f.’ after a few hundred days. It was there- 
fore assumed that a limiting value of o./f-’ = 0.23 could be used for all mixes, 
which is in agreement with the curves shown in Fig. 10-12. By assuming 
that the constants b and a; are constant for all values of o/f.’ S o./f.’, but 
vary linearly for o/f.’ 2 oo f/, it was found that the st ress-dependent con- 
stants can be evaluated from the following expressions: 
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bh = b when o/f.’ 
b = b — 2.62 (a/f.’ — o,/f.') when o/f.’ 
a, = a, when o/f,’ = 
+ 0.327 & 1076 (a /f.’ ao/f-’) when a/f.’ 


where o,/f.’ = 0.23, and b and a; are mix and size-dependent. 


ax and rx are assumed to be stress-inde- 


If, as previously indicated, ¢), 
pendent, the other stress-dependent constants can be found from 


Using the results of Series I and III to evaluate 6 and a, and the results of 
Series I, I], and III to evaluate ay, Ty, ¢1, ax and rx, a set of generalized 


model constants was determined which can be used to predict the creep of 

















Fig. 11—Total creep after 
t = 10, 30, 60, 100, and 160 
days as (interpolated) func- 
tion of the applied specific 
stress ratio (co /f.’) for 3x 10-in. 











cylinders of Mix 1:2.5, Series 
i 
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TABLE 11—GENERALIZED MODEL CONSTANTS (LIMIT OF 
LINEAR RANGE «@.,/f.’ = 0.23) 


Maxwell body | Kelvin bodies 


Diam- -—— - | 
Mix | eter, | aw X 106, ® Bo: 2 
in. 8q in, per Ts, b Cu X 105) a X 106, rT! 
Ib 


TR, 
0, 246 
0.247 
0.223 
0.209 
0.246 
0.219 


t ¢1 aK, eK X 
1/day |sq in. per lb| days xX 108 x 106 days 108 


0.800 0.040 0.930 0.055 
0.710 0.061 é 1.12 0.070 
0.498 0.021 0.572 0.060 
0.208 0.062 j 1.07 0.047 
0.450 | 0.102 .29 0.069 
0.298 0.114 ¢ 0.600 0.059 


won) 


tom De Gr we 


lonmwwone- 
S 


— et ee | 


No 


any mix subjected to any stress level. These constants are given in Table 11 
and plotted as functions of the product of the volume concentration of the 
aggregate Cy (ratio of absolute volume of aggregates to absolute volume of 
concrete) and the water-cement ratio We (ratio of absolute volume of water to 
absolute volume of cement) (Fig. 14 and 15). 

The Maxwell constants 7y and b for the 3 and 4 in. diameter cylinders 
are size-dependent with respect to both magnitude and variation with mix. 
Both Ty and 6b decrease essentially linearly with decreasing cement content 
for the 3-in. cylinders, but after decreasing initially, increase rapidly with 
the lean 1:6 mix for the 4-in. cylinders. 

It is conceivable that this difference in behavior is a function of the free 
moisture content of the concrete at the time of application of the load. After 
the same curing period, the 3-in. cylinders are drier than the corresponding 
4-in. cylinders, so that loading the 3-in. cylinder at an age of 28 days would 
be equivalent to loading the 4-in. cylinder at a later age, resulting in a lesser 
amount of limiting creep, or a lesser amount of time needed to reach a limiting 
value of creep. Thus, the “relative age” of the 3-in. cylinders would be 
greater than that of the 4-in. cylinders for the same curing conditions, result- 
ing in a lower value of Ty for the 3-in. cylinders. It would thus be expected 
that 4-in. cylinders loaded at an age greater than 28 days would have Max- 
well constants approaching those of the 3-in. cylinders loaded at 28 days, or 
3-in. cylinders, which have been waterproofed to prevent moisture loss, would 
have constants approaching those of the 4-in. cylinders with no waterproofing. 

The rate of “‘aging,”’ which governs the rate at which the Maxwell constants 
decrease for any mix, is a function of the rate at which drying occurs. This 
drying rate depends upon the initial free moisture content which in turn de- 
pends on the water-cement ratio, and the ratio of water to aggregate. A low 


water-cement ratio and a low water- 
“Spaak haunt «77, A otey a : enous pea x vin mr 
self : absorbed by the aggregate or combined 


wat xe “aM § with the cement; high water-cement 
10 days | 30 days | days | days and water-aggregate ratios result in 
0.08 0.12 0.18 0.21 | y , 3) +e >» Initis e is uo) } A 
ott | oe | Oat | 0:24 = considerable initial free moisture with 
0.11 | 0.16 | 0.21 | 0.23 consequent high drying rate. The 
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mixes used were such that Mix 1:6 had a high W/C ratio but a low W/A 
ratio, and Mix 1:1 a low W/C ratio but a high W/A ratio, so that the “aging” 
rate for these mixes is apparently higher than that of Mix 1:2.5 for which the 
decrease of the Maxwell constants was relatively small. 


Equating the slopes at o./f.’ of the linear and nonlinear creep versus stress- 
level curves plotted for time as a parameter, and letting b vary in accord- 
ance with Eq. (3a) or (3b), the creep equation, Eq. (1), can be written as a 


, 


linear equation, for o/f, 


Go/fe. 


Cye Tm " a . 
wa foe | a flet/t 
i 2K J 


€- = Cye * 


é = CyT ye 2 





8 





, PERCENT 





S 


Fig. 12—Total creep after L = 
10, 30, 60, 100, and 160 days 
as (interpolated) function ot 
the applied specific stress 
ratio (o/f.’) for 3 x 10-in. 
cylinders of Mix 1:1, Series Ill 
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for which a, a, 71, Tz are stress-dependent in accordance with Eq. (4) to (7). 


The time-dependence of the limiting stress level ¢./f.’ was found for the 
3-in. diameter cylinders by equating the slope of the linear creep equation at 
various times ¢ with that of the nonlinear equation, and solving for the cor- 
responding value of o,/f.’. The model constants sed in this solution were 
those given in Table 11. Values as low as o,/f.’ = 0.08 were found for ¢ = 10 
days. 


The variation of o,/f.’ as a function of time is shown in Table 12. 


Predicted creep results 


As a measure of the effectiveness of the proposed model and generalized 
creep equations (8) and (9), and the proposed values of the generalized model 
constants as given in Table 11 and Fig. 14 and 15, the expected creep was 

evaluated for four mixes of 3-in. di- 
ameter cylinders when subjected to 
four stress levels (Series LV). 

The generalized model constants for 
Mix 1:4 were obtained from Fig. 14 
and 15. Using these constants, the 
creep equation constants were evalu- 
ated for each mix and stress level and 
used in the creep equations (8) and 
(9), and the predicted creep was com- 
puted. 

The creep equation constants are 
given in Table 13 for the linear creep 
equation (8), and in Table 14 for the 
non-linear creep equation (9). The 
corresponding predicted creep curves 
for a 1:4 mix are plotted in Fig. 16 and 
compared with the actual results of 
Series 1V, Mix 1:4. 

There is good correlation between 
the predicted and the measured creep. 
For all levels of Mix 1:1 errors are 
negligible. This confirms the expec- 
tation that a rich concrete is essen- 
tially a viscoelastic material whose be- 
havior can be described by such models 
as those proposed. The largest errors 
occur, as expected, in Mix 1:6 which is 

Fig. 13—Mechanical model representing partly viscoelastic and partly granu- 


the various deformation mechanisms of lar material whose behavior can not 
concrete be completely described by visoelastic 
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TABLE 13—MODEL CONSTANTS FOR LINEAR CREEP EQ. (8), 
SERIES Ill, 3 x 10-IN. CYLINDERS 


Mix 1:6 1:4 2.1 1:1 
Ultimate strength f.’, psi 6000 6370 6900 8900 


Str psi 1200 1270 1380 1780 
‘ *SS ey 

Fess! percent 20 20 20 20 
aw X 108, in. X Ib7! 0.246 0.247 247 0.223 
Cw X 10°, day 0.800 0.760 710 0.498 
Tu, days 65 77 90 110 


a, X 106 in.? * Ib” 040 0.054 O61 0.021 
az X 10%, in.? * Ib“ 0 0 0 0 
ax X 10°, in.? X lb 055 0.064 070 0.060 


r;, days 4 5 5 } 
To, days 
rx, days l l l 2 


¢, X 108, in.2 & Ib"! & day 12 0.572 
¢2 X 108, in.? XK Ib~! X day 0 0 0 
ex X 105, in.? X Ib X day : 6.00 7 3.00 


TABLE 14—MODEL CONSTANTS FOR NONLINEAR CREEP , a 
SERIES Ill, 3 x 10-IN. CYLINDERS* 


1:6 1:4 1:2.5 1:1 


6000 6370 6900 SYO0 


Stress, psi 3000 3900 2220 $180 4130 2420 $450 4480 $110 $450 


percent f-’ 50 65 35 50 65 35 50 6 $5 50 


au X 10! 246 246 0.247 247 0.247 0.247 0.247 0.247 0.223 0.223 


Cu X10 800 800 0.760 760 0.760 0.710 0.710 0.710 0.498 0.498 
Tu if 65 5 77 77 77 90 90 90 100 100 


128 0.093 142 0.191 100 0.149 0.204 0.060 0.109 
073 ‘ 0.029 078 0.127 030 0.079 0.134 0 0.049 0.098 
0.064 0.064 070 0.070 0.070 0.060 0.060 0.060 


9 { 4 18 ¢ 3 18 
l 4 4 1 6 2 6 ‘ 
l l 1 1 


x 105 ).930 0 o. 1.05 4 > 2.12 
x 10° 2.70 5.30 ». 35 3.29 5.78 3.3! } $ 7.36 
x 10° 5.00 5.00 § 6.00 6.00 7 


*Units are same as for Table 13 


TABLE 15—RELAXATION OF SYMMETRICALLY PRESTRESSED MEMBER DUE TO 
CREEP ALONE, AND DUE TO CREEP AND SHRINKAGE 


Mix 1:6 3 in. diameter cylinder f.’ = 6000 psi 


Ratio of oi/f-’ = 0.20 oi/f.’ = 0.40 

stable steel 

stress to fe = 30,000 psi fos = 120,000 psi) fa = 30,000 psi fa = 120,000 psi 
initial steel 

stress p* = 0.04 p = 0.01 p = 0.08 = 0.02 


Creep alone 0.710 0.903 0.600 0.845 


Creep and 0.409 0.814 0.354 0.760 
shrinkage 


* 


p = Ae/Ac. 
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Fig. 14—Variation of parameters of Maxwell element of model with mix (3 x 10-in. 
cylinders) 


models alone. The error for all stress levels is approximately 17 percent 
which is not unusually high in view of the variation of even such simple 
properties as compressive strength or modulus of rupture of ordinary con- 
crete mixes. The errors for Mix 1:2.5 range from 5 to 14 percent, and for 
Mix 1:4, from 1% to 121% percent. Note that from the variation of the gen- 
eralized model constants as given in Fig. 14 and 15, the creep equations (8) 
and (9), and the compressive strength of test cylinders, it was possible to 
predict closely the creep of a mix such as Mix 1:4 which had not been tested 
before. 


Applications of generalized creep equations 

A number of simplifying assumptions can be introduced by considering that 
in most practical problems, either the response of certain of the model elements 
is. simplified because the time scale of the imposed load or enforced defor- 
mation is much shorter or much longer than the times 7 or 7'y governing the 
various model responses, or the variation with time of the applied loads or 
enforced deformations is either rapid enough to disregard the time dependence 
of the parameters or slow enough to disregard the effect of this variation. 

To illustrate the use of the proposed model, a one-dimensional problem 
is discussed in which the time scale is such that the Kelvin elements can be 
disregarded (i.e. the time ¢ is large compared with 7;, rz and rx) so that the 
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response is due primarily to the Maxwell element for which the fluidity is 
only time-dependent in the linear range, but time and stress-dependent in the 
nonlinear range. 

A problem in which only the Maxwell element can be assumed to be effec- 
tive is the long-time loss of prestressing in a symmetrically prestressed member. 

Due to application of initial prestress, the concrete will creep, thereby 
allowing the steel to contract reducing its tensile force as well as the com- 
pressive force in the concrete which, in turn, reduces the subsequent creep. 
Equality of strain rates in steel and concrete of the self-equilibrating system 
is expressed by 


where a, = 1/F, is the spring constant of the steel, A, and A, are the areas 
of steel and concrete respectively, and P(t) the prestressing force. 
* 


If the initial force P; causes a concrete stress ¢; < o, the fluidity varies 
in accordance with the first term of Eq. (8a). The solution of equation (a) 
is therefore 


P = Pyeki(et/Tu 
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Fig. 15—Variation of parameters of Kelvin elements of model with mix (3 x 10-in. 
cylinders) 
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une 1958 
where 


Cy Tu 


O (ay + a,A./A,) 


k, = 


If the initial concrete stress ¢; > o., the fluidity is given by the first term 
of Eq. (9a). Thus 


where 


and 
2.62 Cy T y 72-82 F0/f- 
fi i, aM 4 a, 
¢ A A, 
Eq. (c) is valid until time ¢ = ¢, at which o = o,. For ¢ 2 t., the fluidity is 
again assumed to be stress-independent, and the relation expressed by 


kk. = 


k t T, ¢ /T,,) 
> > e f—@ eé M 
| = I se if 


(d 


From Eq. (b) and (d), with given areas of steel and concrete, it is possible 
to evaluate the stress relaxation in the steel and concrete, and therefore the 
loss of prestress in the nonlinear material. 

To illustrate the stress relaxation in the steel or concrete, four conditions 
were studied for a concrete of Mix 1:6 whose constants are given in Tables 
13 and 14, considering a steel of modulus of elasticity KE, = 29 10° psi. 
Two levels of initial prestress f,; were selected (120,000 psi and 30,000 psi), 
for each of which two initial concrete stress levels o;/f.’ were used (20 and 40 


TABLE 16-—-COMPARISON OF THEORETICAL AND MEASURED LOSS OF STEEL 
PRESTRESS DUE TO CREEP AND SHRINKAGE 


Staley and Peabody Theoretical 


Steel Mix 1:5 Mix 1:6 
stress, 
psi 


0.19% | o = O.31f-' 0.49f.’ os = 0.20f-' | o: = 0.40f.’ 


= 0.0276 | p = 0.049 0.0735 p = 0.04 p = 0.08 


Initial 32,000 31,000 31,800 30,000 30,000 


At 380 days 10,460 8260 9020 12,340 10,630 


Percent of 32.7 25.6 28.3 41.1 
initial 
*p = Ad/ Ae. 


35.4 
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percent) with a concrete area of 100 sq in. Applying Eq. (b) and (d), the 
ratios of stable steel stresses to initial stresses were computed (Table 15). 

Iq. (b) and (d) will give the relaxation of prestressing due to the creep of 
the concrete; however, it should be remembered that further loss of prestress- 
ing is caused by shrinkage unless the prestressing is done after shrinkage is 
completed. The decrease in steel stress due to a shrinkage e, in the concrete 


is given by 


np 


Using a shrinkage of 0.0004 in. per in. for Mix 1:6 prestressed at 28 days in 
accordance with the shrinkage curve shown in Fig. 15, the loss in steel stress 
was evaluated for the four combinations of initial steel and concrete stresses 
described above. This loss of prestress was combined with the loss due to 
creep and the remaining stable stress evaluated as shown in Table 15. 

In tests conducted by Staley and Peabody*® the remaining steel stresses at 
380 days were observed for a concrete of Mix 1:5 which had been prestressed 
to approximately 20, 30, and 50 percent of its ultimate strength by means of 
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Fig. 16—Comparison of creep curves obtained with 3 x 10-in. cylinders of Mix 1:4 

stressed respectively at 20, 35, 50, and 65 percent of 28-day compressive strength, 

with theoretically predicted curves Eq. (8) and (9) using parameters established in 
tests of different mixes, Series IV 
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an initial steel tensile prestress of approximately 32,600 psi. The decreasing 
steel and concrete stresses were due to shrinkage and creep. The theoretical 
relaxation due to shrinkage and creep at 380 days was evaluated for Mix 1:6 
and compared with the results of Staley and Peabody (Table 16). Agreement 
between the theoretical and measured results is satisfactory. 
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CONCRETE BRIEFS 


Notes from Field and Office 


Effect of Column Width on Continuous Beam Moment 
Permissible Concrete Shear Stresses of the 1957 


British Code of Practice 


Effect of Column Width on Continuous Beam Moment 


By HENRI C. HEPP and THOR GERMUNDSSON 


By HENRI C. HEPP* 


The following comments on an analysis in 
the Portland Cement bulletin 
“Continuity in Concrete Building Frames’’ 


Association 


may be of interest to ACI JouRNAL readers. 

The PCA analysis proposes that the theo- 
retical moment curve (computed assuming 
concentrated reactions) should be raised a 
value 1/6 Va or, in other words, the theoreti- 
cal moment at the face of column should be 
increased by 1/6 Va and the moment at mid- 
span should be reduced by 1/6 Va. 

The 


theoretical 


that the 
practically un- 


following analysis shows 
moments are 
modified along the span and reduced only 
over the width of the column. 

Following the PCA assumption (not dis- 
cussed here) on the distribution of the shear 
over the width of the column, the area of the 
modified shear diagram (shaded area) be- 
tween axis and face of column is correctly 
given by 1/3 Va (Fig. 1). However, the shape 
of the moment diagram will consequently 
be modified over the width of the column. 
As the theoretical moment at the axis of the 
column decreases to a value Ma, the reduc- 
tion 1/3 Va must be applied between points 
The value of the 


d and b and not ¢ and b. 


moment at b remains practically unchanged 
as shown by the following investigation. 
The assumption of the value 1/3 Va for the 
shaded area in the shear diagram corresponds 
to a parabola of the second order and implies 
a triangular distribution of pressure over the 
width of the column. If the beam is loaded 
with the concentrated load V and the column 
take the 


indicated in 


reactions assumed triangular dis- 


tribution Fig. 2(a), then the 
superposition of this corrective loading on the 
theoretical loading will give the final modi- 
fied moment diagram. To find the moment 
W’ due to the corrective loading, Fig. 2(a), 
we compute first the end rotation a in the 
simply supported beam of Fig. 2(b) where / 
is constant: 


For equal end moments M = 1, we have a; 

= L/2EI. Since the 

horizontal at column axis, it follows that a 
M’ a, = 0, and 


tangent is assumed 


Va* 


M’ : 
24L 
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at column axis. Fig. 2(¢) represents the mo- 


ment diagram for the corrective loading 
Superposition of moment M’ with the theo- 
retical moment shall give the final modified 


moments, Fig. 2(d). 
The value Va?/24L is very small and may 
be neglected for practical cases. For instance, 


with a = L/10, V = wL/2 


Va? wl? 
24L 4800 
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or 0.25 percent of M,. (The method proposed 
PCA analysis would increase M, by 


Vy, and 


in the 
Va/6 = wL*/120 or 10 percent of 
decrease + M by 20 percent.) 


Neglecting the value Va?/24L, the moments 
at face of column and along the span remain 
unchanged from the theoretical moments and 
may be used in the design of beams and gird- 
ers; the moment at face of column being 
equal to M, —1/2Va. For frames, the 
moment M, (equal to M, — 1/6Va) at 
column axis is rarely critical because of the 
increased effective depth of the beam over the 
column. This increase may be taken as a 
fictitious haunch with a slope approximately 
equal to 1 on 3 on the bottom of the beam. 
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By THOR GERMUNDSSON* 


Mr. Hepp’s proposal that beam moments at 
column face and midspan in a continuous 


beam remain the same as theoretical mo- 
ments computed from a center line diagram 
is based on assumptions regarding the reac- 
tions on the beam within the column. 

factor to consider. <A 
additional 


increase in moment of inertia to the ends of 


There is another 


column contributes stiffness or 
the member, similar to a haunch, that re- 
quires correction to midspan and column 


face moments. The correction is approxi- 


mately VLa/6 as indicated in “Continuity in 
Concrete Building Frames.”’ 

Table 1 illustrates the effect of 
assumptions relative to bearing distribution. 


various 


column face in- 
12 and VLa?/4 


and (3) respectively. 


to theoretical moments at 
dicated in Table 1 are VLa? 
for Assumptions (2) 
The midspan moment corrections are the same 
as those given in Table 1 for the column face. 
For usual small values of a no correction is 
needed to the theoretical moment curve at 
either the midspan or the column face. 

As shown in Table 2 the effect of increase 
in moment of inertia at the column has a more 
significant Moment 
were determined using the PCA publication 
“Handbook of Frame Constants,’’ Table 56, 
p. 23 for different values of a 


meaning. corrections 


The column face moment correction is the 


same as shown in Table 2 for midspan mo- 


TABLE 1 





MOMENT AT FACE OF COLUMN 





Assumed 


reaction moment, 


¢ column 


peg 


Moment 
column face 


Column face, 
moment 
correction 





(1) Theoretical 


(Reaction 
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In the first line, theoretical moments are 
computed with the reaction concentrated at 
center line of column. In the second line, re- 
action is assumed distributed uniformly from 
Reaction in the 


third line is assumed concentrated at column 


face to center line of column. 
face. In a structure, the reaction probably 
varies from a maximum at column face to a 


minimum at column center line. Corrections 


ment correction. For usual values of a the 
mid- 


span and column face by VLa/6 as indicated 


correction raises the moment curve at 


in “Continuity in Concrete Building Frames.’’ 

For the above reasons it is believed that 
the correction VLa/6 is reasonable. It re- 
sults in less reinforcing steel in the positive 
moment region, and more in the negative 


moment region. This may increase ultimate 


*Member American Concrete Institute, Staff Adviser, Portland Cement Association, Chicago, Ill. 
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TABLE 2 





moment 


a 


Correction to midspan 


col. face 





-0./16 VLa 


e 





Q2 -0.15 VLa 





0.3 -0.14¢VLa 














moment capacity of the column face cross 
section with a corresponding decrease at mid- 
span. In effect the critical section at ulti- 
mate strength may be shifted from column 
face to midspan. For this reason the cor- 
rection may be more academic than real. 


“Continuity in Concrete Building Frames’’ 
is currently being revised. The correction of 
VLa/6 to be applied at the column face and 
at midspan will remain, but the text will be 
changed to include some of the discussion 
presented here. 





Permissible Concrete Shear Stresses of the 1957 
British Code of Practice 


By C. B. 


The writer has now tested 83 shear fail- 
ures of beams and from this experience feels 
bound to adversely criticize the new 1957 
British Code of Practice with regard to the 
permissible shear stresses specified for con- 
crete. This code allows the permissible shear 
stresses to equal 40 psi plus 6 percent of the 
allowable compressive stress in flexure. The 
allowable bending stress is one-third of the 
strength u of the “works’’ cube according to 
this code of practice. Therefore 
derive the equation: 


we can 


u 
s = 40 + 0.06 - 


= 40 + 0.02 u .(1) 


The results of 38 beams with plain webs 
tested to destruction in shear are recorded in 
Table 1. This table gives the ultimate 
strength u of the concrete of each beam, and 


WILBY * 


the ultimate shear stress of each beam ov. 
From u, the value of the permissible shear 
stress s is computed using Eq. (1) and Table 
1 also records the resulting factor of safety, 
FS = v/s. 

Many engineers will feel that the factor 
of safety against the failure of a plain webbed 
beam in shear should be greater than the 
factor of safety against failure in bending. 
This latter is not less than 2 (in the case of a 
flexural tension failure) for normal design in 
accordance with the British code under dis- 
cussion. Probably authorities in 
Britain would desire a factor of safety a- 
gainst failure in shear of at least 2.2. The 
factors of safety in Table 1, on this basis, are 
most alarming; on only ten occasions out of 
38 tests is the factor of safety greater than or 
equal to 2.2. Of the 28 tests with an in- 
adequate factor of safety, many are very dis- 


most 


*Member American Concrete Institute, Structural Engineer, Cheadle Hulme, Cheshire, England. 
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TABLE 1—TEST RESULTS OF 38 BEAMS WITH PLAIN WEBS TESTED 
TO DESTRUCTION IN SHEAR 


Beam No. u 


l(a) 4690 

l(b) 4690 

2(a) 5290 
2(b) 5290 

3(a) 5010 
3(b) 5010 
4(a) 5380 

4(b) 5380 
5(a) 5820 
5(b) 5820 

fi(a) 4170 

fi(b) 4170 

8(a) 9770 
&(b) 9770 
9(a) 9400 
9(b 9400 
10(a) 8680 
10(b) 8680 
11 (a) 9240 
9240 

9240 

9240 

9010 

9010 

8960 

8960 

8820 

8820 

8750 

8750 

9100 

9770 

9770 

9400 

9400 

8680 

8680 

5000 


turbing; 12 tests recorded a factor of safety 
of even less than 1.3, and the lowest factor of 
safety was 0.828. 


From Eq. (1), ifs = 152 psi, then u = 5600 


psi. Twenty-seven of the tests concern con- 
crete with a compressive strength in excess 
of 5600 psi. Such 
qualify to be designed with s = 
Adopting a 


beams would therefore 
152 psi 
according to the code of practice. 
factor of safety of 2.2, v should not therefore 
be less than 334 psi. In these 2 
ultimate shear stress was less than 334 on 17 


tests, the 


occasions! 

If s = 130, then from Eq. (1), u = 4500. 
Nine of the remaining 11 tests could there- 
fore be designed upon such a basis according 
to the code. 
v should not be less than 286 psi. 


Using a factor of safety of 2.2, 
Of these 
nine tests, the ultimate shear stress was less 
than 286 on five occasions! 

Even if one never designed with a_per- 
missible shear stress in excess of 130 psi, 
then out of the above 36 tests, the ultimate 
shear stress is less than 286 on 19 occasions. It 
van therefore be dangerous to use permissible 


~ tobe 


ed ee ed ed ed ed 
. nt e - ~ 


— at 


concrete shear stresses as specified by the 
1957 British Standard Code of 
The code only considers the crushing strength 


Practice. 


The writer believes 
akin to the tensile 
that the 
tensile strength (as measured by test briquets) 


of the concrete, Eq. (1). 
that a 
strength of 


shear failure is 


the concrete,'?) and 
is not directly proportional to the compressive 
strength of concrete. This is where the code 
errs in dealing with high strength concretes. 

Table 1 records the tensile briquet strengths 
t of the beams in question. A comparison of 
the values of u with the corresponding values 
of t would indicate that ¢ was independent of 
u for the tests under consideration. This is 
of course contrary to the views of many in- 
vestigators and to the ideas of the British 
code of practice. 

Also, the strength of the concrete by no 
means has the prime influence upon the 
shearing strength of a beam; other factors!” 
aggregate effect the 
Shear strength is less for 


have a greater upon 


shearing strength. 
shear 


longer spans/effective 


depth ratios; the code has no doubt been 


beams with 


biased by the majority of past research which 
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has chiefly dealt with ratios between 1 and 2. 
Beams in practice have much higher ratios R 
than this, and the results in Table 1 concern 
much higher values than used by previous 
The 


tendency is for spans to become 


investigators, to the writer’s knowledge. 
present 
longer and shallower, and this is encouraged 
by the increased permissible stresses of the 
code. A reduction in the 
longitudinal 


percentage of 


tension reinforcement reduces 


the shearing strength of a beam. The per- 
centage of such steel is often reduced these 
days when designers utilize high tensile de- 
formed bars. Large amounts of longitudinal 
compression reinforcement reduce the shear- 
ing strengths of rectangular beams,'? and 
such large quantities are often experienced 
at the supports of continuous beams. Modern 
practice tends if anything to increase the use 
of such reinforcement. Thus there is a general 
inclination for the shear strength of beams 
to be decreased by modern practice. Conse- 
quently a revision of ideas is necessary with 
regard to the safety of beams in shear. 

As a result of tests and a study of this prob- 
lem, the writer would propose that, irrespec- 
tive of the concrete’s crushing strength (pro- 
viding concrete is of sufficient strength to be 
considered by the code of practice), per- 
missible shear stress at working loads of a 
plain webbed beam should be limited to 106 
psi, except in the case of beams of rectangular 
cross section with more than 0.17 percent of 
longitudinal compression reinforcement, when 
the permissible shear stress should then be 
limited to 79 psi. This latter recommendation 
would of course usually concern continuous 
T-beams. 

The writer would then propose that shear 
reinforcement be designed only to withstand 
the shear in excess of these values. 

The writer considers the 1957 British Code 
of Practice inadequate and even dangerous in 
the case of the higher strength concretes for 
the design of plain webbed beams in shear. 
When shear reinforcement is required and is 
designed by this code of practice, such de- 
signs are generally excessively conservative. 
The code for example never utilizes per- 
centages of vertical stirrups of less than 0.5 
percent. This is indeed a fallacy as smaller 
percentages of web reinforcement are most 
definitely effective for resisting shear (see 


Fig. 4 in Reference 2). The least web rein- 
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forcement which the writer has tested and 


found effective in shear is 0.079 percent. 


The writer considers the above proposals 


conservative and always safe. They would 
remedy the present illogical state of affairs 
recommended by the code in which a beam 
either needs no shear steel at all or an ex- 
cessively large quantity of such reinforce- 
ment, with detailing of these large amounts of 
steel often most troublesome. 

The results quoted were obtained from tests 
made by the writer at Leeds University under 
the direction of Prof. R. H. Evans, with the 
exception of the beams No. D, Dl. Other 
beams not recorded here were tested by the 
writer in his capacity as development en- 
gineer of Stuart’s Granolithic Co., Ltd. 
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Tests on a 


APPENDIX 


For the benefit of American readers it 

can be assumed that the crushing strength of 

a standard concrete cylinder f.’ = 0.85 
From the 1956 ACI Building Code, the 


equivalent to Eq. (1) is: 


s = 0.03 f.’ 
= 0.03 X 0.85 u..... (2) 


with a stipulation that s must not exceed 90 
psi. When this value of s is substituted in 
Eq. (2), wu = 3530 psi. 
in Table 1 therefore all to concretes 
where the ACI code would limit s to 90 psi. 
For a factor of safety F'S of 2.2, the ultimate 
shear stress v should therefore be 198 psi. 
Out of the 38 tests quoted only Beam 9 (b) 
does not meet with this requirement. The FS 


The tests recorded 
refer 


in this particular instance would be 2.1. 
The 1956 ACI Building Code is therefore 
not embarrassed by results cited in Table 1. 





CURRENT REVIEWS 


of Significant Contributions in Foreign and Domestic Publications 


Bridges 


Competitive designs of the bridge over 
the Drava river at Ptuj (in Slovene) 


J. Sraric, Gradbeni Vestnik 8, No. 
47-50, 1956-57, pp. 109-122 
Reviewed by J. J. PotivKa 


Ljubljana), V. 


Ten competitive designs were submitted to 
the Road Administration in Slovenia, four of 
them in reinforced concrete, three in pre- 


The 


winner of the competition was KreSimir Savor 


stressed concrete, and three in steel. 
of Zagreb proposing a bridge in reinforced 
11 ft with 
total length 640 ft. 


consists of two end spans at 115 ft and three 


concrete, 46 ft wide (three lanes of 
two sidewalks), Bridge 
spans at 137 ft, all spans continuous with two 
cantilever hinges in the center span; 8-in. slab 
is monolithically connected with four girders, 
12 in. wide, with total depth increasing from 
10 it 
where the girders have two bottom slabs 10 


approximately 5 to toward the piers, 
in. thick to provide compression zone, thus 
forming,two parallel box girders. 


Construction 


Industrial floors (in Dutch) 


L. F. Dammers, Cement (Amsterdam), V. 9, No. 5-6 


June 1957 pp. 193-202 
Reviewed by Joun W. T. Van Erp 
In general two methods for constructing 
industrial floors are given: (1) monolithic 
floors in which the wearing course is formed 
by imbedding the wear-resistant material in 
the concrete before it hardens: (2) concrete 
floors with a separate wearing course. 
Both methods are dealt with at length 
proportions are 


mix 


given; finishing methods 
covered in detail include coloring and special 
chemically resistant floors, finishing machines, 
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etc. The general conclusion is that the mono- 
lithic floor is best, but also the most expensive, 
as the wearing course has to be applied a 
couple of hours after the floor is cast, and has 
to be finished completely which usually means 
overtime work. 


Forms and scaffolds for shell construc- 
tion (Schalung und Riistung—Moderne 
Schaltechnik) 


Boerum and Lasutin, Wilhelm Ernst and Sohn, Berlin 
1957, 4th edition, 211 pp., 36 DM 

SCHWEIZERISCHE BavuzErrun¢ 

. 75, No. 48 (Strissler 


Indicates methods of analysis and design 


materials, and methods of construction for 


formwork especially for wide span_ shell 


construction. 


Design 


Determination of temperature stresses 
in reinforced concrete beams with 
variable sections (in Rumanian) 


V. Percv, Industria Constructiilor si a Materialelor dé 


(Bucharest), V. 8, No. 11, Nov 1957 


Constructii 
pp. 636-643 
Reviewed by J. J. PotivKa 

In most practical cases haunch beams are 
exposed to different temperature on the top 
and the bottom, especially in roof and floor 
These thermal conditions can 
affect the strength of the 


structures 
beams 
Fully 


end 


seriously 
Following cases are investigated: (1) 
restrained beam with haunch at 
(2) Similar 


simply 


one 


unsymmetrical beam, one end 
fixed 
Practical 


examples (two-bay symmetrical frame, hinged 


supported; (3) Symmetrical 


beam with two identical haunches. 


beams rigidly connected with hinged columns 
of variable section) demonstrate the proce- 
dure of the structural analysis presented in 


12, June 1958, Proceedings 
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this interesting paper. Reference is made to 
publications by R. Agent, V. N. Gornov, 
V. I. Murasov, I. M. Nenirovschi, E. Rausch, 
and Roghitki. 


Design of concrete structures 
LeonarRp CuurcH UrQuHART, CHARLES EpWARD 
O’ Rourke, and Groree WiInTER, McGraw Hill Book 
Co., New York, 6th Edition, 1958, 546 pp., $8.00 

An up-to-date revision of the popular text 


and reference book on reinforced concrete 
Improved over the 1954 edition and 
made current with the new 1956 ACI Build- 
ing Code, including ultimate strength design 


with discussion, examples, and design aids. 


design. 


The column design section has also been re- 
vised for the new method of designing ec- 
centrically loaded columns. The book has 
always been excellent for use as a text and 
find the 


practicing engineers will revision 


particularly helpful. 


Elastic design method for structures 
without stress-load proportionality (in 
Hebrew) 
A. ZasLavsky, In the Field of Building, Bulletin No. 
48, Technion—Israel Institute of Technology (Haifa), 
1958, 12 pp. 
AvTHOR’s SUMMARY 
Reviews structures which, although in the 
elastic range, do not exhibit a proportionality 
between load and stress. These are, in general: 
structures where the change in geometry due 
to deformation cannot be neglected; structures 
partially or fully prestressed; partially pre- 
cast structures; those erected in stages; those 
with thermal or assembly stresses; structures 
strengthened to accommodate additional 
loads; composite structures; and structures 
with into action 
after initial deformation has taken place. 


restraints coming only 


Materials 


Normal and abnormal set of cement 
(in Dutch) 
K. L. A. VAN DER Leeuw, Cement (Amsterdam), V. 9, 
No. 5-6, June 1957, pp. 205-206 
Reviewed by Jonn W. T. Van Erp 

False set and flash set are two of the best 
The 
first is due to the fast hydration of gypsum 
which has been dehydrated by too much heat 
in the sintering process. 


known phenomena of abnormal set. 


False set can be 
overcome by continued mixing or stirring so 
that the flimsy gypsum network is broken up 
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again and the normal set takes place undis- 
turbed. Flash set is more complicated and 
can hardly be corrected if it has taken place 
It is mostly due to the presence of too much 
calcium aluminate with too little gypsum as 
retarding agent. Both these phenomena are 
caused by inadequate control of the manu- 
facturing process. 


Research on high-turbulence mixed 
grout (Recherches sur le malaxage a 
“haute turbulence”’ des suspensions de 
ciment) 


Micwet Papapakis, Publications Techniques No 
82-83 Centre D’Etudes et de Recherches de L’'In 
dustrie des Liants Hydrauliques (Paris), pp. 1-25 
reprinted from Rerue des Matériaux de Construction, 
No. 498, Mar. 1957 


AvuTHor's SUMMARY 

A study has been made of the rheological 
characteristics of 
“high-turbulence”’ 


grouts produced with a 
The results ob- 
tained, in particular, with a viscosimeter of 
the coaxial type show that these grouts have 
a flow, and 


mixer. 


stability, which makes 
eminently suited to injection work. 


them 


Microscopic study of portland cement 
clinker (La microscopie du clinker) 


Rene Avecre and Prerre Terrier, Publication 
Technique No. 88, Centre D’Etudes et de Recherches 
de L’Industrie des Liants Hydrauliques (Paris), 
14 pp.; reprinted from Revue des Matériaux de Con- 
struction, No. 501, June 1957 - 
AvuTHOR’s SUMMARY 


The first part deals with the preparation 
of clinker for reflection microscope exami- 
nation. The work then goes on to a macro- 
graphic and microscopic study of commercial 
clinker, with illustrations of the 
aspects met with. 


various 
The most. frequent form 
of each constituent is given, together with 
the changes to which this is subjected due to 
the action of Numerical 
results enable determining the formation of 
some clinkers. 


various factors. 


Pavements 


Performance of doweled joints under 
repetitive loading 


L. W. Tecvier and H. D. Casnett, Public Roads, V. 30, 
No. 1, pp. 1-24, Apr. 1958 


Reports on comprehensive tests of full size 
models. Data were developed on the relation- 
ship between dowel diameter and load transfer 


capacity, and on the relation between slab 
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depth and dowel diameter required to transfer 
Iembedded 
length of dowel required for maximum load 
The effect of 
joint opening width on performance of dowels 


given percentages of applied load. 


transfer was also studied 
was tested under static load and repetitive 


loads up to two million cycles. 


Field study of joint and crack reseal- 
ing methods and materials 

L. A. Fickes and C. C. Ruopes, Bulletin No. 166 
Highway Research Board, 1957, pp. 1-15 

Joints and cracks in a 19-year old, 5-mile 
stretch of concrete pavement on US 16 be- 
tween Nunica and Fruitport, Michigan, were 
resealed under contract on a force account 
basis. Six different brands of hot-pour joint 
sealer were used. 

After 21% years of service, the various main- 
tenance repairs have held up very well with 
the exception of material failures in two of the 
six brands of joint sealer used. The results of 
this work indicate that the widespread failure 
of joint seals in Michigan has been due partly 
to deficiencies in the sealing material and 
partly 


to inadequate cleaning and sealing 


operations. 


Prestressed Concrete 


Heat-insulating roof elements of pre- 
stressed concrete used for industrial 
buildings (in Rumanian) 
M. Popovic, Industria Constructiilor si a Materialelor 
de Constructii (Bucharest), V. 8, No. 10, Oct. 1957, 
pp. 546-557 
Reviewed by J. J. PouivKa 
Various structural members are thoroughly 
described and analyzed on the basis of research 
performed by author. Nine types were in- 


vestigated by experiments and _ theoretical 


analysis: (1) thin slabs in prestressed con- 
crete with insulating top slab of expanded 
slag concrete; (2) thicker slabs of expanded 
reinforced slag concrete with a row of circular 
holes (an alternative was tested with a double 
row of circular holes having smaller diameter); 


blocks of 


assembled by typical post-tensioning methods 


(3) hollow various cross sections 


with grouted joints; (4) reinforced concrete 
elements, either steam cured or pretensioned, 
with air spaces for thermal insulation; (5) ele- 
ments of pretensioned lightweight concrete, 
consisting of 114-in. slab and edge ribs, with 
semirigid top insulation, 34 in. thick; (6) cel- 
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lular steam cured concrete cast between pre- 
stressed concrete ribs, with thickness equaling 
the full depth of the ribs; (7 


Type 6, thinner slab of cellular concrete cast 


) an alternate of 
partly on top of the ribs; (8) an alternate of 
Type 7, the slab of cellular steam cured con- 
crete combined with pretensioned concrete 
(9) alternate of Type 8, both the light- 


weight concrete slabs and prestressed ribs 


ribs; 
being poured monolithically. 


The problem of creep in slabs and 
disks subjected to prestressing in two 
directions (in German) 


W. Swipa, Publications 
f 


for Bridge and 
V. 16, 1956, pp 


Association 


Zurich), 


International 
Structural Engineering 
4169-484 
AppLieD Mecuanics Reviews 
Mar. 1958 (Phillips 


Deals with creep effects in plates and slabs 
prestressed in two directions. A system ol 
differential 
equations is derived and solved for the loss 


two simultaneous first-order 


of tensile force in the cables. In the case of 
an eccentrically prestressed plate, the de 


flections are also determined. 


Properties of Concrete 


Gas concrete hardening without appli- 
cation of steam curing under pressure 
(Neautoklavovany plynobetén) 
JaRoMIR JamBor, Stavebnicky Casopis Slovenske 
ikadémie Vied (Bratislava 6, No. 5, Nov. 1957 
pp. 306-323; No. 6, Dee. 1957, pp. 361-374 
Reviewed by J. Stork 
Results of tests of propel ties of gas concrete 
made with aluminum powder and Czecho- 
slovak cements and aggregates. The investi- 
gation was concentrated on determination of 
the effects of mix proportioning, aluminum 
powder dosage, concrete slump, fineness of 
grinding, and 


pozzolans, accelerating ad- 


mixtures. Gas concrete was found equivalent 
and in some respects superior to orthodox wall 


and insulation material. 


Alkali-aggregate reactions (in Dutch) 


R. A. J. Bosscuarrr, ( Amsterdam Vv. 9, 


Tement 
No. 11-12, Dec. 1957, pp. 494-500 
2 


teviewed by Jonun W. T. Van Ent 


The author enumerates many examples of 
concrete structures which have deteriorated 
due to alkali-aggregate reactions. The basic 

Various 
types of cracking patterns, spalling, efflores- 
attributed 


chemical reactions are analyzed. 


cence, swelling, and porosity are 
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to alkali-aggregate reactions. The often rec- 
ommended solution of using alkali-free cement 
is not accepted because it still leaves the 
concrete vulnerable to alkali attack 
Author recommends thorough chem- 


from 
outside. 
ical investigation and definition of the various 
silica, quartz, aggregates as an 
absolute necessity to solve the problem. 


and other 


Rheological properties of concrete 
(O rheologickych viastnostech betonu) 
Ivo BasusKka, Stavebnicky Casopis Slovenskej Akadé- 
mie Vied (Bratislava), V. 7, No. 1, Feb. 1958, pp. 
28-42 


Reviewed by J. Stork 


Critical review of theories of setting, harden- 
ing, and creep of concrete in effort to estab- 
lish a mathematical expression of the function 
of creep and relaxation of concrete. 


Studies of electrolysis between steel 
and concrete (Observations et remar- 
ques sur le potentiel de contact fer- 
ciment) 


A. Nico, Publication Technique No. 76, 
D’Etudes et de Recherches de { 
Hydrauliques (Paris), 49 pp.; reprinted from Revue 
des Matériaux de Construction, No. 487 and 489, 
Apr. and June 1956 


Centre 
. Industrie de Liants 


AvuTHuor’s SUMMARY 


Should the cement, or ambient, medium 
allow the transmitting of electrical charges, 
a current will be set up in the mass, with the 
usual consequences: electrolysis and _polari- 
zation, involving the risk of corrosion. 

Every metal-cement junction must be 
considered as being capable of giving rise to 
an EMF, variable with composition and the 
conditions of preservation. 


Structural Research 


Studies (including tests) of thin shells 
with double curvature. Part | (in 
Rumanian) 
I. Facaoaru, N. Gatna, and D. D. Niconescu, In- 
dustria Constructiilor si a Materialelor de Constructii 
(Bucharest), V. 8, No. 11, Nov. 1957, pp. 627-635 
Reviewed by J. J. PotivKa 
Experimental studies of new type of thin 
shell roofs in reinforeed concrete, standardized 
types, spanning 36 to 78 ft. 
precast arched sections have rise one-fifth of 
the span and a width of 3 to 6% ft, with 
constant thickness 15 in. 


Three-hinged 


Standard re- 
inforcement is 1.12 percent of concrete area 
in longitudinal and 0.25 percent in transverse 
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direction. Tests were made with quarter size 


models and also on natural size structure with 


average span of 59 ft. Deflections under 


various loading (uniform, partial, 


trated) and safety factors are recorded. 


concen- 


Impact tests of columns in reinforced 
concrete (in Serbian) 
V. ANDREJEV and Z. Kostrrencic, Nase Gradevinarstvo 
(Belgrade), V. 11, No. 12, Dee. 1957, pp. 282-288 
Reviewed by J. J. Potivka 
Tests were performed on two models of 
reduced dimensions: cross section 414 sq in; 
height 27 in.; resting on steel plate 434 in. 
square. Columns carry horizontal prismatic 
body of reinforced concrete 28 in. long, 7% in 
wide, and 13 in. deep, monolithically inter- 
connected and topped with a steel plate. 
Top body simulates the rigidity of supported 
floor structure. Hammer weighing 23 lb was 
dropped from five different heights, from 12 
to 60 in. 
installed 
combination with F6éppl’s apparatus. 
hundred 
theoretical 


Two electric strain gages were 
and oscillations photographed in 
Four 
results are with 


tests compared 


analysis as developed by 8S. 


Timoshenko. 


General 


Should thin walls of concrete be rein- 
forced? (Faut-il armer les parois minces 
en béton) 


A. Vatssac, Revue des Matériaux de 
(Paris), No. 507, Dee. 1957, pp. 362-363 
Reviewed by Puituip L. MELVILLE 


Construction 


The dangers of reinforcing thin (less than 
80 mm) walls of 
view of 


concrete are discussed in 
corrosion danger, and subsequent 
The author 


without special precautions 


concrete cracking, for the steel. 
that 
to waterproof the finished product, precast 


concludes 


concrete in thin sections must have a con- 
crete cover of at least 35 mm over the steel 


or the steel should be omitted. 


Some economic aspects of the use of 
high strength reinforcing steel (in Dutch) 
9, No. 3-4 


J. Mippenpvorp, Cement (Amsterdam), V. 
Apr. 1957, pp. 132-134 ees 
Reviewed by Joun W. T. VAN Erp 

An analysis is presented of the various cost 
items: concrete in place, formwork, reinforcing 
steel, steel placement; on this basis a cost 


formula is derived. Total savings of 7-8 per- 
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cent are found by the use of high strength steel 
(fs = 30,000 psi instead of f, = 20,000 psi). 
Also considered are possible savings in the 
foundation cost by the use of smaller, lighter 
members, as well as some reduction in building 
height. 


An automatic device to measure the 
time of set of cements (Un appareil 
automatique de mesure du temps de 
prise des ciments) 


M. Papapakis and M. Minerse, Rerue des Matériaur 
de,Construction (Paris), No. 505, Oct. 1957, pp. 287-289 
Reviewed by Puiture L. MELvILur 

The apparatus is a modification of the Vicat 
needle to obtain a continuous record of the 
set of cement. Electrically controlled pneu- 
matic system is claimed to be reliable and 


well suited for both research and control 


testing. 


Structures of Eduardo Torroja 


Epvarpo Torrosa, F. W. Dodge Corp., New York 


1958, 208 pp., $8.50 

An English translation of the autobiography 
of engineering accomplishments of Torroja. 
Thirty of Torroja’s most impressive structures 
bridges, churches, 


are discussed including 


viaducts, stadiums, water towers, factories, 


dams, and hangars in prestressed concrete, 
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wood, brick, and steel as well as reinforced 
concrete. The book is organized in five major 
sections: large shells, viaducts and aqueducts, 
special structures, steel and composite struc- 
tures, and churches and chapels. Engineering 


details are given. Some alternate designs 


which were later discarded are shown. In- 
cludes 275 illustrations of completed projects, 
models, details, and under 


projects con- 


struction 


Calculation of temperature in mass 
concrete taking account of the ratio 
of hydration heat development as 
function of ambient temperature (Vy- 
poéet teploty v masivnych beténoch 
vzhladom na zavislost rychlosti vy- 
vinu hydrataéného tepla od teploty 
prostredia) 

Stavebnicky Casopis Slovenske) 


(Bratislava), V. 7, No. 1, Feb 
Apr. 1958, p. 63 


1 kadémic Vied 
1958, p. 53; No. 2, 


Reviewed by J. Stork 


heat 
development in order to establish an analytic 


Analysis of influences on hydration 


method of computation of temperature in 
mass concrete structures with respect to the 
effect of the ambient temperature on the ratio 
of heat development. The problem is solved 


by means of method of finite differences 


PERIODICALS REGULARLY SCANNED FOR REVIEWS 


The many requests for information concerning the source material of reviews appearing in 


the “Current Reviews’’ section indicate the desirabillty of publishing a list of those periodi- 


cals, bulletins, and proceedings being scanned regularly for articles dealing with the field of 


concrete. 


If all miscellaneous magazines, bulletins, reports, and books were included (which 


are reviewed only as they come to the attention of the voluntary reviewers or editors) the 
following list would cover well over 200 periodicals and/or publishing, educational, and research 


organizations. 


The following list includes publishers’ addresses for convenience should cor- 


respondence with them be desired, since copies of articles or books reviewed in the JouRNAL 


are nol available through ACI. 
publishers. 


American Ceramic Society Bulletin—Ameri- 
can Ceramic Society, 4055 North High St., 


Columbus 14, Ohio 
AREA 


neering Association, 59 East Van Buren 
St., Chicago, Ill. 


Bulletin—American Railway Engi- 


ASTM Bulletin—American Society for Test- 
ing Materials, 1916 Race St., Philadelphia 
3, Pa. 


In most cases they can be obtained directly from the original 


Annales de L’ Institut Technique du Batiment 
et des Travaux Publics—L'Institut Tech- 
nique du Batiment et des Travaux Pub- 
lics, 6 Rue Paul Valéry, Paris 16e, France 

Annales des Ponts et Chaussees—Commission 

des Annales A l’Ecole Nationale des Ponts 

et Chaussées, 28 Rue des Saints-Péres, 

Paris 7e, France 

American So- 

ciety of Mechanical Engineers, 29 West 

39th St., New York 18, N. Y. 


Applied Mechanics Reviews 
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Architectural Forum—Time & Life Bldg., 9 
Rockefeller Plaza, New York 20, N. Y. 
Architectural Record—119 West 40th St., New 

York 18, N. Y. 

Australian Journal of Applied Science—Com- 
monwealth Scientific and Industrial Re- 
search Organization, 314 Albert St., E. 
Melbourne, C 2, Victoria, Australia 

Bauingenieur, Der—Reichpietschufer 20, Ber- 
lin, W 35, Germany 

Bauplanung Bautechnik—Unter den Linden 
12, Berlin NW 7, Germany 

Bauzeitung, Die—Hospitalstrasse 12. Stutt- 
gart. N, Germany 

Betongen Idag—Norsk Cementforening, Mun- 
kedamsveien 3b, Oslo, Norway 

Beton i Zhelezobeton—State Library of 
U.S.S.R., Kalinin St. 3, Moscow G-19, 
Russia 

Betonstein-Zeitung—Kleine Wilhelmstrasse 7, 
Wiesbaden, Germany 

Beton-T eknik—Christians 
penhagen V, Denmark 

Beton- Stahlbetonbau—Hohenzollern- 
damm 169, Berlin-Wilmersdorf, Germany 

British Engineer, The—32 
Southwark Bridge Road, London, SE 1, 
England 

BRI Abstracts of Building Science Publications 

Building Research Institute, 2101 Con- 
stitution Ave., Washington 25, D. C. 


Brygge 28, Co- 
und 


Constructional 


Building Research Reports, Danish National 


Institute of Building Research—Danish 
National Institute of Building Research, 
20 Borgergade, Copenhagen K, Denmark 

Building Research Station Digest—Building 
Research Station, Garston, Watford, 
Herts, England 

Bulletin, Centre d’Etudes et de Recherches de 
UIndustrie des Liants Hydrauliques 
Centre d’Etudes et de Recherches de 
l’Industrie des Liants Hydrauliques, 197 
Boulevard Saint-Germain, Paris 7e, France 

Bulletin de la Reunion Internationale des Lab- 
oratéries d’Essais et de Recherches sur les 
Materiaux et les Constructions—Reunion 
des Laboratories d’Essais et de Recherches 
sur les Materiaux et les Constructions, 12 
Rue Brancion, Paris 15e, France 

Bulletin of the Faculty of Engineering, Cairo 
University—Cairo University, Giza, Egypt 

Bulletin of the Highway Research Board— 
Highway Research Board, 2101 Constitu- 
tion Ave., Washington 25, D. C. 
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Bulletin of the Institution of Civil Engineers of 


Treland 
Ireland, 35 Dawson St., Dublin, Ireland 
del Instituto 


struccion y 


Institution of Civil Engineers of 
Tecnico de la Con- 
Instituto Téc- 
nico de la Construccién y del Cemento del 


del Cemento 


Patronato Juan de la Cierva de Investi- 
gacién Técnica, Apartado de Correos No 
2, Costillares, Chamartin, Spain, and 
Apartado de Correos No. 19,002, Madrid, 
Spain 

Bulletin of the Iowa Engineering Experiment 
Station Engineering Experiment 
Station, Iowa State College, Ames, Iowa 


Iowa 


Bulletin of the University of Illinois Engineer- 


ing Experiment Station—University of 
Illinois Engineering Experiment Station, 
106 Engineering Hall, Urbana, IIl. 

Cahiers du Centre Scientifique et Technique du 
Batiment Tech- 
nique du Batiment, 4 Avenue du Recteur- 


Poincaré, Paris 16e, France 


Centre Scientifique et 


Cement—Herengracht 507, Amsterdam C, 
Netherlands 

Cement and Lime Manufacture—14 Dart- 

mouth St., London, SW 1, England 

Betong—Kolga-huset, 
1808, Malmo, Sweden 

Cemento, Il—Via Benedetto 
Milan 405, Italy 

Cemento Portland—Calle 


Buenos Aires, Argentina 


Cement och Postgiro 


Marcello 2, 


San 


Martin 1137, 

Ceramic Abstracts—(see Journal of the Ameri- 
can Ceramic Society) 

Civil Engineer Corps Bulletin 
Yards and Docks, Department of the 
Navy, Washington 25, D. C. 


Bureau of 


Civil Engineering—American Society of Civil 
Engineers, 33 West 39th St., New York 18, 
iM. 2s 

Civil Engineering and Public Works Review 
8 Buckingham St., London, WC 2, 
land 


Eng- 


Commonwealth Engineer, The—349 Collins 
St., Melbourne, C 1, Australia 

400 W. Madison St., Chicago 6, III. 
and Constructional Engineering 
14 Dartmouth St., London, SW 1, England 


139 N. Clark 


Concrete 


Concrete 


Concrete Construction M agazine 
St., Chicago 2, Ill. 
79 W. 


Concrete Products Monroe St., Chi- 


cago 3, Ill. 
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Construction—92 Rue Bonaparte, Paris 6e, 
France 
Constructional Review 
N.S.W., Australia 
Consulting Engineer 
Joseph, Mich. 
Contractors and Engineers 
New York 16, N. Y. 
Crushed Stone Journal, The—National Crush- 
ed Stone Association, 1415 Elliot Place, 
NW, Washington 7, D. C. 
Deutsche Bauzeitschrift 
Giitersloh, Germany 
Engineer, The 28 Essex St 
WC 2, England 
Engineering—35 & 36 Bedford St., Strand, 
London, WC 2, England 
Journal, The—2050 
St., Montreal 2, Quebec, Canada 
Vews-Record—330 West 
St., New York 18, N. Y. 
Civil, Le 


9e, France 


14 Spring St., Sydney, 
227 Wayne S&t., 


{70 Fourth Ave., 


Kickhofstrasse 14/16, 


, Strand, London, 


Engineering 


Mansfield 


Engine ering 


12nd 


Gente 5 Rue Jules Lefebvre, Paris 


Geotechnique—lInstitution of Civil Engineers, 
, London, SW 1, England 
del Genio Civile 
Rome, Italy 
Vestnik 
Yugoslavia 
Handlingar 


and Concrete 


Great George St 


Giornale Via Nomentana 2 


Gradbeni Erjaveeva lla, Ljubljana, 
Swedish 
Institute—Svenska 
Forskningsinstitutet for Cement och Be- 
tong vid Kungl. Tekniska Hogskolan I, 
Stockholm, Sweden 
Highway Abstracts 
search Board, 2101 
Washington 25, D. C. 
Housing Research Papers, HHFA 
and Home Finance Agency, 


(Proceedings), Cement 


Re search 


Research Highway Re- 


Constitution Ave., 
Housing 
Division of 
Housing Research, Washington 25, D.C. 
Technical Hungarian 
State Technical Library, P. O. Box 12, 
Budapest 8, Hungary 
Indian Builder, The—Ionic, off Arthur Bund- 
er Rd., Colaba, Bombay 5, India 
Industria Materialelor de 
Constructii—Revistele Tehnice ASIT, Str. 
Ioan Ghica nr. 3, Bucharest, Rumania 


Hungarian Abstracts 


Constructiilor si a 


Industrial and Engineering Chemistry—Ameri- 
can Chemical Society, 1155 Sixteenth St., 
NW, Washington 6, D. C. 

Informes de la Construccion—Institute Téc- 

nico de la Construccién y del Cemento del 


Patronato Juan de la Cierva de Investi- 
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gaccién Tecnica, Apartado de 
No. 2, Costillares, Chamartin, Spain, and 
Apartado de Correos No. 19,002, Madrid, 


Spain 


Correos 


National 
University City, D. F 


Ingenieria School of Engineering, 
Mexico 

Plaza de la Republica No 
55-602, Apartado Postal 10423, Mexico 1, 
LD. F., Mexico 


Inge nieria 


Ingenieria Civil 


Internaciona 
West 42nd St 


o 
oo 


Construccion 
, New York 36, N. Y. 
Dansk 


iorhuset, Vester Farimagsgade 29, Copen- 


Ingenigren Ingenigrforening, Ingen- 


hagen V, Denmark 
Journal of the Boston Society of Crvrl Engi- 
neers—Boston Society of Civil Engineers, 
715 Tremont Temple, Boston, Mass 


Journal of the Ame rican Ceramic Soc rely and 


Abstrac ts 


41055 N. 


Ceramu American Ceramic So- 


14, 


ciety, 


Ohio 


High St.. Columbus 


Journal of the Institution of 


Engineers, Glou 


Sydney, N. S. W 


Institution of 
cester «& 
Australia 


tralia 


Essex Sts., 


Journal of the Japan Society of Ci Enginee 
Japan Society of Civil Engineers, No. 4, 
2-Chome, Ohte-Machi, 
Tokyo, Japan 
Research—National Bureau 
Standards, Washington 25, D. C 
Research 
Association, 
dens, London, SW 1, 
V eddellanden 


sanstalt 


Chiyoda-Ku, 


Journal of 


Magazine of Concrete 


Cement and 


Concrete 52 Grosvenor Gar- 
England 

(Bulletins), Statens Prov ning- 
Statens Provningsanstalt, Stock- 


holm, Sweden 
Memoires de la Societe des Ingenieurs Civils dé 
France—Society of Civil 
Hotel de la 
Blanche, Paris 9, France 
Vilitary Engineer, The 
Military Engineers, 


engineers 


France, Societe, 19 


Society of American 
Mills Bldg., Pennsyl- 
vania Ave. at 17th St., NW, Washington 
6. D. © 


N ase Socie- 
ties of Civil Engineers and Technicians of 
Yugoslavia, Milosa 7, 


Gradevinarstvo—Association of 


Kneza Belgrade, 
Yugoslavia 
Nordisk Betong 


dic 


Nordisk Betonforbund ( Nor- 


Concrete Association), Drottning 


Kristinas viig 26, Stockholm, Sweden 
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Oesterreichische Bauzeitschrifi—Mo6lkerbastei 
‘5, Vienna I, Austria 

Ontario Hydro Research News—Research Di- 
vision, Hydro-Electric Power Commission 
of Ontario, 620 University Ave., Toronto 2, 
Ont., Canada 

Pit and Quarry—431 8. Dearborn St., Chicago 
5, Ill. 

Polish Technical Abstracts—Centralny In- 
stytut Dokumentacji Naukowo-Tech- 
nicznej, Aleja Niepodleglosci 188, War- 
saw, Poland 

Polytechnisch Tijdschrift—28 Balistraat, The 
Hague, Netherlands 

Precontrainte-Prestressing—21 Rue 
Brussels 4, Belgium 

Prefabrication—32 Millbank, London, SW 1, 
England 


Newton, 


Proceedings of the American Society of Civil 
Engineers—American Society of Civil En- 
gineers, 33 West 39th St.. New York 18, 
ap 

Proceedings of the American Society for Test- 
ing Materials—American Society for Test- 
ing Materials, 1916 Race St., Philadelphia 
3, Pa. 

Proceedings of the Deutscher Ausschuss fur 
Stahlbeton—Bundesallee 215/218, Room 
302, Berlin, W 15, Germany 

Proceedings of the Deutscher Beton-Verein— 
Deutscher Beton-Verein E. V., Bahnhof- 
strasse 61, Postfach 627, Wiesbaden, 
Germany 

Proceedings of the Highway Research Board— 
Highway Research Board, 2101 Constitu- 
tion Ave., Washington 25, D. C. 


Proceedings of the Institution of Civil Engi- 


neers—Institution of Civil Engineers, 
Great George St., Westminster, London, 
SW 1, England 

Publicaciones Tecnicas del Instituto del Ce- 
mento Portland Argentino—Instituto del 
Cemento Portland Argentino, Calle San 
Martin 1137, Buenos Aires, Argentina 

Publications of the International Association 
for Bridge and Structural Engineering— 
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Disc. 54-15 


Discussion of a paper by Charles S. Whitney: 


Ultimate Shear Strength of Reinforced Concrete Flat 
Slabs, Footings, Beams, and Frame Members 
Without Shear Reinforcement* 


By S. CONSTANTINESCU-CATUNESTI, JAIME DE LAS CASAS, 
W. T. MARSHALL, and AUTHOR 


By S. CONSTANTINESCU-CATUNESTI t 


The author suggests a method for applying ultimate strength design to 
footings. The total amount of steel in each direction is distributed unequally 
through the footing; the number of bars needed for shear is concentrated 
through the pyramid of rupture and the difference is placed outside of that 
pyramid. Fig. A(a) illustrates the solution. When the number of bars in 
zone dz is very different from the number of bars in a, it means that the 
flexural moments in the a, zones are not provided with consistent reinforce- 
ment. This occurs because the logical appearance based on Taylor and 
Thompson’s Treatise of Concrete (1909 edition), which stated that “the bend- 
ing moments decrease very rapidly,” is incorrect. In a paper!® issued in 
1947, | found the distribution of flexural moments for a footing, considering 
that both the support and the footing are deformed under a concentrated 
load. Fig. A(b) shows the bending moments for a footing with the span, a 
= 4.00 m (~ 160 in.); depth, d = 33 em (~ 13 in.); subgrade reaction, K = 
8 kg per cu cm (27.7 |b per sq in. per in.); modulus of elasticity, . = 210,000 
kg per sq em (~ 2,980,000 psi). 

The flexural moment near the perimeter, on 1/10 of the span, is 0.65 of 
the center moment. It should also be noted that the work of Richart.2 
stated that the strains in the outer bars of square footings were similar in 
magnitude to those in the center bars, indicating that the full width of footing 
is effective in resisting bending moment. Corner areas in footings are also 
important as it is there that the torsional moments are generated by flexural 
moments in the diagonal direction. 

It appears that Mr. Whitney’s suggestion might be modified to say that the 
reinforcement needed for flexure may be spaced uniformly on the span a and 


enough supplementary steel placed through the pyramid of rupture to pro- 


vide consistent shear strength. 

It should be remembered that many codes'*-"* permit a reduction of the 
number of bars (15-20 percent) in the proximity of the perimeter only for 
flat slabs built with perimetrical beams. 

*ACI Journat, Oct. 1957, Proc. V. 54, p. 265. Disc. 54-15 is a part of copyrighted JourRNAL or THRE AMERICAN 
Concrete Institute, V. 29, No. 12, June 1958, Proceedings V. 5 


54. 
tProfessor of Reinforced Concrete, Railway Engineering Institute of Romania, Bucharest, Romania, 
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Fig. Ala)—Footing reinforcement. Fig. A(b)—Distribution of moments for footing. 


Fig. A(c)—Suggested reinforcement anchorage 


To guarantee that the horizontal component of the shearing force will be 
resisted by the reinforcing bars passing through the pyramid of rupture, 
the bars can be anchored as shown in Fig. A(c). 
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By JAIME DE LAS CASAS* 


In the section discussing simple beams under concentrated loading (pp. 
285-290), the writer would like to call attention to Eq. (2): 


ss sata on Me fe 
v, = 50 + 0.26 - i, 


*Member American Concrete Institute, Civil Engineer, Lima, Peru. 
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TABLE A—COMPARISON OF DATA AND COMPUTATIONS 


= 
~~ 3 - hae 








oh b=i3"_ | 


Cross section of T-beams tested by Al-Alusi 


*, psi 


Eq. (2) 


p = 1.48 percent 17 
Reinforcement 149 
2 # 3 bars 2! 14( 
138 
13 


‘ 


6 
Pp 2.7 percent ‘ t 210 
Reteiesemnn ant ‘ 4 197 
2 # 4 bars } 2% 184 

166 

159 
p = 4.2 percent 5.! 217 
(over-reinforced) 1.5 ! 186 
Reinforcement j 3 193 
2 # 5 bars 


*In computing vu it was considered that fe’ = 4000 psi and f, = 53,000 psi 
tFlexural failure. 


This formula was checked with the test results reported by A. F. Al-Alusi in 
“Diagonal Tension Strength of Reinforced Concrete T-Beams with Varying 
Shear Span,”” ACI JournaLt, May 1957, Proc. V. 53, pp. 1067-1077. 


The writer found good agreement between Al-Alusi’s T-beam tests and Eq, 
(2) provided that M,/d? was computed as for rectangular beams with tensile 
reinforcement only. If so, it could be inferred that with the same tensile 
reinforcement the ultimate shear strength is similar in T-beams or rectangular 
beams. However, further study is necessary to mcd this criterion. 

Some of the principal relations between Eq. (2), computed as above, and 
Al-Alusi’s tests are shown in Table A. 

As can be noted in Table A, when the percentage of reinforcement increases 
v.,/¥, decreases. This is due to the fact that the T-beams tested were 3 in. 
wide and, therefore, the larger bars had a very close spacing, especially in 
T-beams. with p = 4.2 percent where the clear spacing was less than 1 in. 
and maybe less than one diameter. The relation between bar spacing and 
ultimate shear strength was mentioned by Mr. Whitney in several sections 
of the paper. 

The writer believes that this paper is another important contribution by 
Mr. Whitney to the ultimate strength design method. 





JOURNAL OF THE AMERICAN CONCRETE INSTITUTE June 1958 


By W. T. MARSHALL* 


The writer was interested in Mr. Whitney’s paper based on the tests carried 
out by F. E. Richart because the writer performed a series of tests on square 
isolated column bases in 1938-39, the publicationt of the results being delayed 


. until 1944 because of war conditions. 
r rr 
These tests were made on 72 bases 





ach 24 in. square and 4 in. deep, the 
load being applied through a steel 
block 4 in. square. The reinforcement 
was placed in the bottom with '-in. 
cover, equal areas running in each di- 














rection, the percentage varying from 
0.12-1.46. The slabs were supported 





on a sand base which was uniformly 
compacted, thus differing from the 
spring supports used in Richart’s tests. 
Previous experiments on small scale 
mortar bases had shown the writer 





that the distribution of pressure under 











a base varies with the type of bed. 
In the case of a compacted sand, 
pressure distribution which is assumed 
to be parabolic with a maximum value 
at the center and zero at the four 
1),.,.=2 Moment due to corners agreed with the test results. 
force from shaded The reinforcement could be divided 
triangles into two main classes: (1) that with 
adequate anchorage, and (2) that with 
Fig. B—Calculating bending momentacross an anchorage less than that specified 
a column base. Mz: moment due to },. the British Standard Code 
force from shaded triangles : 











of 
Practice. 

The method of calculating the bending moment across a column base in 
Britain differs from that given on p. 274 of the paper. British practice is to 
assume that one-quarter of the downward load from the column is taken by 

ach triangle shown in Fig. B thus giving M = P/4 [x — (r/3)] where z is 
the distance from the center of the base of the center of hota of the upward 
force on one triangle. In the case of uniform pressure distribution x = a/3 
but with a parabolic distribution x = 0.3a 


The results of the tests showed that in the case of bars with adequate 
anchorage the failing load agreed reasonably well with that obtained by cal- 


culating M, on Hajnal-Kényi’s theory, but making some allowance for the 


*Regius Premensr of Civil Engineering, University of Glasgow, Glasgow, Scotland. 
+Marshall, W. “Experiments on Reinforced Concrete Column Bases,"’ Journal, Institution of Civil Engineers 
(London), Mar. 1944. 
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tension taken by the concrete in the case of small percentages of reinforce- 
ment. The failing load was obtained by equating the M, thus obtained to 
P/4[0.3a — (r/3)]. 

If however an analysis is attempted on the lines given by Mr. Whitney, 
the results do not give v = 100 + (3M,,/4d?)Vd/l,.. Taking the values for M,, 
given on p. 275 for under-reinforced beams with adequate anchorage and 
taking M, = ol, [1 — (pf,/1.7f.’)] in the case of bond failures the analysis 
with v = k,P/{4r (r + d)| is shown in Fig. C and D. 

Fig. C, which applies in the case of bars with adequate anchorage, gives 
v = 100 + 2.0 (M,,/d2)Vd/l, and Fig. D, which applies for bond failures, gives 
v = 75 + 1.3 (M,,/d*)vd/l,. There are some interesting features about these 
results: (1) The value of v, namely 100, when M, = 0, is the same as in the 
Richart tests in the case of Fig. C. (2) The slope in both Fig. C and D is much 
greater than the °4 value given by Mr. Whitney. 

One criticism against the results shown in Fig. C is that most of the results 
have a value of (M,,/d?)Vd/l, less than 100 whereas those given in the paper 
have an average value of approximately 250. The percentage of reinforce- 
ment used in most isolated column bases is, however, small—averaging about 
0.25 percent. This low value would correspond to (M,/d?)Vd/l, approxi- 
mately equal to 80, the approximate average value in Fig. C. 

The difference between the writer’s results and that presented in the paper 
may be due amongst other things to the use of the sand bed instead of the 
springs but this also represents more closely the practical conditions. 
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The writer feels however that there is too big a difference between the co- 
efficients of (M,,/d?)Vd/l, in the two series of tests for him to have great faith 
in the relationship v = 100 + 34 (M,,/d?)Vd/l,. 


AUTHOR'S CLOSURE 


Since the paper was prepared about a year ago, a considerable body of 
additional test data has become available, covering a wider range of variables. 
Continued study of this data indicates that the equations can be improved 
by including other parameters and that several suggestions require modifica- 
tion. Unfortunately it is not yet possible to make definite recommendations 
for design in spite of intensive analyses made to date. This work is being 
continued by the joint ACI-ASCE committee on shear and diagonal tension 
(Committee 326), with the hope that a report can be prepared this year for 
discussion in 1959 so that a method for shear design consistent with the ulti- 
mate strength method may be included in the next edition of the ACI Code. 

Committee 326 was organized in 1950 to develop methods to resist shear 
and diagonal tension consistent with the new ultimate strength design methods 
which were finally approved in 1956. Twelve meetings of the committee 
have been held in addition to numerous subcommittee meetings. As the 
first phase of this assignment, it undertook to determine the shear strength 
of members without shear reinforcement, and test programs were investi- 
gated to provide the necessary information regarding the behavior of slabs, 
beams, and frame members. These tests have since been covered by in- 
dividual published reports. A number of additional test programs have also 
been sponsored by various agencies such as the American Iron and Steel In- 
stitute, Bureau of Public Roads, Corps of Engineers, Concrete Reinforcing 
Steel Institute, Portland Cement Association, and Association of American 
Railroads, some of which have not yet been published. 

In spite of the great accumulation of test data available in 1950 from shear 
tests of beams, the data now being used by the committee as a basis for a 
new method of design has been developed since that time. This is because 
it is now recognized that design for shear strength should be based on para- 
meters that had not been considered important in the previous tests. 

In October, 1955, as a result of some recent shear failures in reinforced con- 
crete structures, the committee made recommendations to ACI Committee 
318, resulting in new code provisions which were incorporated in the 1956 
ACI Code. These consisted primarily in a reduction of the maximum shear 
permitted without shear reinforcement, an increase in the amount of shear 
reinforcement for rectangular frames and continuous beams, and additional 
requirements for reinforcement near points of contraflexure. 

Subsequent tests and studies indicate that these rules will produce reason- 
ably safe structures when used with the ultimate method of design, although 
further extension of flexural steel and shear reinforcement might be desirable. 
It is the author’s feeling that the same rules should be applied to T-beams, 
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even though they may have appeared to behave better in structures than 
rectangular sections. Most concrete beams are continuous or restrained 
and they need stirrups in all cases to tie in compressive reinforcement whether 
or not the compressive strength of the steel is needed. 

It has of course become obvious that the conventional shear formula, 
v = V/bjd = kf.’, is not suitable for use because the shear strength is not a 
simple function of concrete strength, but depends also on the amount of 
flexural reinforcement, the moment-shear relation which can be represented 
by a function of M/V, or the so-called depth to shear-span ratio, and the span 
to. depth ratio. 

Because the value of 7 in the conventional shear equation is usually assumed 
to be a constant, 0.875, it can best be omitted and the unit shear calculated 
as the average value for the full depth, d. 

Several meetings of a subcommittee held this past winter have resulted in 
progress and an agreement on a number of points. To coordinate analysis 
of all of the pertinent test programs and arrive at a comprehensive solu- 
tion, the test data is being processed on computing machines. The weak- 
ness of previous solutions, including those in the October paper lay in the 
fact that the data was based on parameters of too limited range and some- 
times on the wrong parameters. Only in the last few years has attention 
been paid in the test programs to diagonal cracking loads and the effect of 
shear span. Only in the last few months has the span-depth ratio been sep- 
arated as a parameter. With the advent of the ultimate strength méthod of 
design the effect of high concrete and steel strengths and higher percentages 
of steel must also be evaluated. 

In the case of beams, the committee is agreed that the first critical diagonal 
tension cracking load should be considered as the ultimate. For the longer 
beams (with a shear span greater than about four times the depth) failure 
is sudden following the first diagonal crack. As the span-depth ratio de- 
creases, the mode of failure changes to shear-compression and the ultimate 
strength becomes increasingly higher compared to the first diagonal cracking 
load. This excess strength should probably not be utilized in members with- 
out shear reinforcement,’ but when shear reinforcement is provided, it may be 
practical to provide a relatively smaller amount in the very short beams. 
This becomes important in some structures, as for instance, bridge pier frames 
carrying heavy concentrated loads. 

The committee also agrees that shear strength of beams is a function of 
concrete strength, percentage of steel, and moment-shear ratio but not the 
yield strength of the steel. In a beam, when the yield strength of the steel is 
reached, a flexural failure occurs and the shear strength is then not significant. 
The influence of concrete strength appears to be a function of vf’. 


The formulas for shear strength should be applicable to beams under con- 


centrated loads, uniform loads, continuous beams, and to beams subjected 


to direct compression or tension as in frame members. 








1164 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE June 1958 


The critical section of a beam is not necessarily the section at the face of 
column or the section of maximum shear. Studies of new test data are still 
being made to determine the best form of equation and location of critical 
section to correlate the various tests. 

The effect of the M/V ratio, or shear span, is complicated by the influence 
of stress concentration due to the load. This is illustrated by the behavior 
of test beams loaded at the center through a column stub. In the longer 
beams the first diagonal crack appeared about half-way between the column 
stub and the support, or at a distance about 2d from the load. The shear 
span at the critical section was therefore at least 2d less than the maximum 
shear span at the load point. 

The shorter beams failed at a higher load with the crack appearing at an 
angle of roughly 45 deg from the face of the column stub. In that case the 
shear span at the critical section may have been the same as for the longer 
beam, but the strength was greater, due to the influence of the column load. 

It appears necessary to differentiate between the shearing strength of 
a beam near the support or load points and that in the portions more remote, 
perhaps at a distance 2d or more from the load concentrations. This will also 
affect the location and amount of reinforcing needed. 

The case of flat slabs is somewhat different from that of beams. The shear 
strength is a function of p, f.’ and the shear span, but also may be affected 
by the yield strength of the steel or flexural moment capacity. Relatively 
thick slabs may fail in shear before f, is reached, but in thin slabs f, may be 
reached in rods near the column before full yield line flexural strength develops. 

In the case of tests of 6 ft square slabs 6 in. thick with flexural bars uni- 
formly spaced, the failure occurred in shear below the yield line flexural 
strength except in the more lightly reinforced slabs. Since the shear strength 
increases with the percentage of steel, the obvious way to balance shear and 
flexural strengths is to move some of the steel from the edge of the slab to 
central portion, thereby increasing the shear strength without decreasing the 
flexural strength. The difficulty with that idea is that, so far as a very narrow 
band is concerned, it does not appear to work. Tests made at the Portland 
Cement Association laboratory last winter on 6-ft slabs with steel concen- 
trated through the pyramid of rupture, a band about 18 in. wide, indicated 
that both shear strength and flexural strength were practically the same as 
with the same total area of steel uniformly spaced for the 6 ft width. The 
stiffness of the slab is increased and the cracking decreased by concentrating 
the steel near the column. Since the shear strength is increased by increasing 
the percentage of steel, it still remains to be determined what width of band is 
effective and whether or not this band is narrow enough to permit balancing 
shear and flexural strength without increasing total steel. Latest tests indicate 
the band within the pyramid of rupture is too narrow to control shear strength. 

It has been found that shear reinforcement for flat slabs is inefficient and 
expensive and usually should be avoided if possible. 

The writer wishes to thank the discussors for their helpful suggestions. 
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Discussion of a paper by J. J. Shideler: 


Lightweight-Aggregate Concrete for Structural Use* 


By E. W. BAUMAN and AUTHOR 


By E. W. BAUMANT 


The investigation reported by Mr. Shideler makes another important con- 
tribution for the designing engineer who uses lightweight structural concrete. 
Although many of the properties of lightweight concrete included in this in- 
vestigation were previously investigated,'*'’? the data developed probably 
represent more reliable information on present-day conditions, as the aggre- 
gates included are more typical of currently produced lightweight materials. 
Actually, some aggregates in the earlier investigations included several ex- 
perimental materials and a few that are no longer produced. Also, since this 
is the first important contribution on lightweight concrete coming directly 
from the Portland Cement Association, the report carries special significance 
in that it registers a definite recognition by the association of the importance 
which this newer type of concrete now assumes. Mr. Shideler handled the 
investigation, and the report as well, in a very commendable manner. 

Since only one expanded slag—Aggregate No. 6—was included in the in- 
vestigation, and the other lightweight aggregates were all of a clay or shale 
type, the title of the report is a trifle misleading. Probably this is not too 
important, except that when the reference is included in future bibliographies 
on lightweight concrete, researchers may be misled to expect a broader cover- 
age of lightweight aggregates, per se, than is actually included. Inasmuch 
as expanded slag is currently being produced at 21 plants, with an annual 
output of approximately 3,000,000 tons, it is regretted that more samples of 
this type lightweight aggregate were not tested. 

Properties of the slag lightweight concrete, except for compressive strength, 
compare favorably with concretes of expanded clay and shale aggregates. 
From the viewpoint of this observer, strengths—certainly beyond the range 
of 3000 or 4000 psi—are not too important in lightweight concrete. There 
is no problem in proportioning expanded slag concrete mixes that will easily 
yield results well within this strength range. Actually, the strength of ex- 
panded slag concrete at a given cement factor, can be materially increased 
by the use of small amounts of natural sand in the fine aggregate—and with 
little increase in weight. Unfortunately this rather important feature was not 
investigated by Mr. Shideler. It is hoped that in the future, investigators 
~ *ACI Jor RNAL, Oct. 1957, Proc. V. 54, p. 299. Disc. 54-16 is a part of copyrighted JouRNAL oF THE AMERICAN 
Concrete Institute, V. 29, No. 12, June 1958, Proceedings V. 54. 


+Member American Concrete Institute, Managing Director, National Slag Association, Washington, D. C. 
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other than those in the laboratory of the National Slag Association—where 
this point, along with other pertinent findings, has been clearly established 
may include something on this phase of the problem. 

Since lightweight concrete will, in most cases, be used in the interior of 
buildings, the other properties such as light weight, shrinkage, acoustic prop- 
erties, modulus of elasticity, creep, heat transmission, and fire resistance 
are certainly as important as compressive strength, if not more so. All of the 
foregoing, with the exception of fire resistance, have been included in one or 
another of the investigations reported, and what can be expected from light- 
weight concrete in regard thereto has been rather well established. 


FIRE RESISTANCE 


The fire resistance of lightweight concrete is important because of its 
favored use for interior construction of walls, floors, beams, joists, etc., es- 
pecially so when it is realized that the concrete structure may serve as a 
hospital, apartment, school, or other public building. Yet we know much 
more about fire resistance of heavy concrete than of lightweight concrete. 


The fact that Mr. Shideler made no reference to fire resistance in his report, 


is certainly no indication that PCA itself does not recognize this as being of 
prime importance. 

Actually, there have been fire resistance tests conducted on lightweight 
concrete at the Underwriters’ Laboratories, sponsored by PCA. My main 
purpose in this discussion is to focus attention on the results obtained and 
thereby effect a tie-in with Mr. Shideler’s paper. Thus architects and design- 
ing engineers using the paper will not be disappointed to find that reference 
to this very important property of lightweight concrete has been omitted. 
Although the fire tests referred to were confined to a 4!-in. reinforced con- 
crete slab and beam floor, the results obtained may be considered applicable 
to plain lightweight concrete as well. 

The report itself was published by the Underwriters’ Laboratories as Re- 
tardant No. 3390-7, dated Aug. 26, 1952. Only expanded slag aggregate was 
used. The coarse slag weighed 43 lb per cu ft, dry, loose, and had a maxi- 
mum size of 1% in.; the fine slag weighed 60 lb per cu ft. Note that ‘\:'s com- 
pares well with the weight of the slag included in Shideler’s investigation, 
which he reports as 44.2 lb for the coarse, and 64.2 for the fine. The concrete 
had 8.1 sacks of cement per cu yd; weight of dry concrete was 104 lb per cu ft; 
and compressive strength at 28 days was 3840 psi. These properties also 
compare favorably with reported data. Results of fire endurance for this 
414-in. floor slab yielded a 4-hr rating, which is the only 4-hr rating for 4!4-in. 
floor slab of any concrete materials listed (according to the January, 1957 
listing of fire resistance ratings of the National Board of Fire Underwriters). 

This would indicate that lightweight concretes, particularly those made of 
expanded slag lightweight aggregate, will provide excellent fire resistance 
ratings. Whether all lightweight aggregates can impart this high fire en- 
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durance property to the concrete as well, is a matter of importance and since 
so little information is available on this item, it appears in order to recommend 
that any future investigations dealing with properties of lightweight concrete 
be so planned as to devote a major portion thereof to fire resistance tests 
Until that time. the fire tests referred to may be used as a guide to what can 


be expected from lightweight concrete. 
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AUTHOR'S CLOSURE 


The author appreciates the comments and additional information pro- 
vided by Mr. Bauman. Our work on structural quality lightweight aggregate 
concrete is still continuing, and this first published report gives only a portion 
of the total data obtained on this subject. Coefficients for use with ultimate 
strength design involving lightweight concrete were included in a paper by 
Eivind Hognestad,* and it is expected that shear strength data for reinforced 
concrete beams will be published soon in the ACI JouRNAL. 

As indicated by Mr. Bauman, the Portland Cement Association considers 
fire testing of concrete of prime importance. A few tests on lightweight con- 
crete have been conducted at the Underwriters’ Laboratories and a new Fire 
tesearch Center constructed by the Portland Cement Association will provide 
greatly expanded facilities for testing and research on various types of con- 
crete and concrete structural members. 

Addition of natural sand to improve strength and workability is sometimes 
used with other lightweight aggregates as well as with expanded slag. Mr. 
Bauman recognizes the amount of work represented by this paper, and that 


the inclusion of another variable, such as natural sand, although possibly 


desirable, immediately doubles the testing program. 

Our data on expanded slag aggregate indicate that a high quality concrete 
can be produced from this material when proper recognition is given to aggre- 
gate grading, mixing procedure, and the use of entrained air. 


*‘Confirmation of Inelastic Stress Distribution in Concrete,”’ Proceedings, ASCE, V. 83, ST 2, Paper 1189, Mar 
1957. Also issued as Development Department Bulletin D15, Portland Cement Association 
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Discussion of a paper by Jack E. Rosenlund: 


Construction of the Dallas Memorial Auditorium’ 


By ERIC C. MOLKE and AUTHOR 


By ERIC C. MOLKETt 


The separation of a dome-shaped roof into 16 pie-shaped segments which 
structurally act in pairs, so that the resulting eight arches are pushing out- 
ward against 32 cantilever bents, is most interesting because it allows con- 
struction with eight uses of a rotating formwork, while a conventional dome 
would have to be formed as one monolith. 

It is difficult, however, to see that a true dome construction of 300-ft span 
should not have been more economical, if also considering the difference in 
costs between the light columns necessary to support a true dome and the 
extremely heavy cantilever bents necessary to resist the arch thrust of the 
segmental cover. 

Roughly it appears that the quantities used for the vertical legs of the 
cantilever bents are about 12 lb reinforcing steel and 8 in. of concrete per sq ft 
of covered dome area on a 300-ft diameter. It can be deduced that of these 
quantities about 8 lb reinforcing and 5 in. of concrete could be saved by using 
a true dome, since the cantilever framing is principally designed for bending 
stresses due to the cantilever and the outward thrust of the arch ribs. This 
indicates that a penalty of at least $2 per sq ft should be applied to the struc- 
ture as described when comparing its roof costs with those of a full concrete 
dome. 

It should be further remembered that for the comparatively small and 
uniform dead load of a true dome rather light and inexpensive shoring and 
forming can be built. A dome shoring of 4 x 4-in. posts at 8-ft centers, nailed 
together with light bracing, is suitable and is described for a dome of similar 
height conditions in Construction Methods and Equipment (January, 1954). 
Such falsework has been used successfully on various dome constructions in 
this country and abroad and will require approximately 10 fbm of lumber per 
sq ft of plan area, including form ribs and sheeting. Camber requirements are 
small when using a prestressed dome base ring, and decentering can easily 
be accomplished by removing simple wedges under the posts. Considerable 
equipment loads can also be hung to such a dome. 


*ACI JourNna., Oct. 1957, Proc. V. 54, p. 329. Disc. 54-17 is a part of copyrighted JourRNAL or THE AMERICAN 
Concrete Instirutre, V. 29, No. 12, June 1958, Proceedings V. 54. 
tMember American Concrete Institute, Chief Engineer, Prestressing Research and Development 


Inc., San 
Antonio, Tex. 
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In the following engineer’s estimate for price comparison, a price of $2.50 
per sq ft plan area has been used for the dome formwork, which is higher than 
indicated by actual construction data available to the writer. 


Monolithic dome Segmental cover 


Concrete, including base ring 10 in. per sq ft $0.85 9.7 in. per sq ft $0.77 
Reinforcing steel 5 psf @ 0.18 0.90 Spsf @ 0.18 1.44 
Prestressing wire in base ring 0.7 psf 0.35 
Formwork Wood 2.50 Steel 1.25 
(single use) (eight uses) 

Extra for vertical leg of supporting 

bents, with segmental cover 
Total cost of roof structure above col- 

umns, per sq ft of plan area $4.60 


Quantities and costs for the segmental cover as used in the above comparison 
have been taken from a discussion on this subject in Engineering News-Record, 
July 19, 1956. It is not clear whether these quantities cover all items equivalent 
to the monolithic dome and base ring of 300-ft diameter, as they seem small by 
comparison, but the results of the tabulation should justify doubts of the 
author’s statement, p. 330, “that total cost was about half of that estimated 
for either a full concrete dome or a structural steel dome.” 


The application of a rotating formwork with the segmental construction 


procedure as it is so ably described in this paper should, however, be of great 
interest to the concrete dome designer. There is no doubt that such pro- 
cedure, in conjunction with a temporary system of segmental arch ribs, should 
make concrete construction more competitive for large circular roofs. 


AUTHOR'S CLOSURE 


I wish to thank Mr. Molke for his interesting thoughts on the Dallas Me- 
morial Auditorium and its design. It is gratifying to know that the subject 
initiated his comments. 

I have reviewed Mr. Molke’s letter with the consulting engineers, Ammann 
and Whitney, and our conclusions are very nearly the same. The advantages 
of a monolithic concrete dome, as outlined by Mr. Molke, are well taken and 
these advantages were considered in the design of the Dallas Memorial Audi- 
torium. In any structure, the cost and function are the prime considerations 
to a client. In order to obtain true cost comparisons, two designs necessarily 
must be made, one for a monolithic dome and one for the segmental roof. 

The design selected was based on a thorough study of function and cost. 
The architects and engineers are still convinced that the City of Dallas’ 
interests are better served by the design selected. If a roof alone were the 
prime consideration, then a monolithic dome might have more merit. How- 
ever, the author believes the function of the building deserves other considera- 
tions. 
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Had the design been a full monolithic dome (of 300-ft diameter), the shape 
of the building would have changed materially. If this change in shape had 
been acceptable, the moving of the curved roof support to the outside wall 
line would have materially increased the height of the building and also the 
volume. Had the roof been designed as full monolithic dome so as not to in- 
crease the height, facilities of the building (projection booths, control rooms, 
mechanical, heating and air-conditioning space) would have been greatly 
limited, or would have resulted in a much flatter roof, which would have, in 
the author’s estimation, increased at least the material costs. 

Mr. Molke compares “light columns” supporting a monolithic dome with 
extremely heavy cantilever bents required to resist arch thrust and support 
the segmental roof. The light columns to which Mr. Molke refers would also 
carry half the seating slab load, floor loads, wall loads, mezzanine floor (sup- 
porting mechanical equipment and press rooms), ramps, full lateral load due 
to wind and the 24-ft cantilevered canopy. It is the writer’s opinion that 
there would be little difference in Mr. Molke’s light columns and the columns 
of the present design. For this reason, the $2.00 per sq ft penalty that Mr 
Molke attaches to the segmental roof appears to be an unjust figure. 

A point of interest in Mr. Molke’s comments is the cost of formwork for a 


monolithic dome. The $2.50 per sq ft for single-use formwork, forming a 


double curved roof 90 to 110 ft in the air all at one time, seems extremely low 


to the writer. This is especially true where the shoring would be required to 
bridge large openings in the first floor. 

Boyd Anderson, of Ammann and Whitney, has stated concerning the two 
designs that there is no magic and little difficulty in either design, but to get 
true facts on costs of either design would involve contractors’ bids of the two 
designs. Regardless of Mr. Molke’s interesting comments, the writer is still 
convinced the design selected resulted in the lowest cost for a building which 
served the desires of the city and is the most functional of all designs con- 
sidered. 








Disc. 54-18 


Discussion of a paper by G. C. Ernst: 


Ultimate Torsional Properties of Rectangular 
Reinforced Concrete Beams» 


By FRITZ LEONHARDT, W. T. MARSHALL, and AUTHOR 


By FRITZ LEONHARDTT 


The results reported by Professor Ernst are most valuable and will help 
in developing formulas for the ultimate torsional strength. 

I would like to know if it was possible to observe where the first crack in 
the concrete began. 

These tests varied the transverse steel by varying the number and spacing 
of the #2 ties. The number of the longitudinal bars (four corner bars) re- 
mained the same, only the size varying from #3 to #5. 

The investigation could be supplemented in a valuable way by additional 
tests with more longitudinal bars of smaller size and at small spacing along 
the side faces of the beam. I am fairly certain that the ultimate torsional 
resistance would be greatly influenced by such bars because the principal 
tensile stresses are larger at the sides than at the corners and diagonal tension 
needs a narrow net of orthotropic reinforcement if diagonal bars are to be 
omitted. 


By W. T. MARSHALLT 


The writer read with interest Professor Ernst’s paper but feels that he must 
disagree strongly with the statement made on p. 351: “With no transverse 
reinforcement it is evident that the maximum torque is limited to the first 
term of Eq. (1) which is the maximum torque for a plain (unreinforced) 
section with Uno: limited to the diagonal tension value.” 

When any material is twisted, shear, tensile, and compressive stresses of 
equal magnitudes are set up on planes perpendicular to or at 45 deg to the 
axis of twist. The type of failure which occurs is governed by the ability 
of the material under test to resist stresses of each of these types. Thus 
with a mild steel rod, failure takes place along the plane perpendicular to the 
axis of twist because in a mild steel rod the ultimate shear strength is less 
than the ultimate tensile or compressive stresses. With a thin-walled steel 
tube on the other hand, failure occurs by buckling along a 45-deg helix because 
of the low compressive stress of the thin steel plate. With plain concrete, 


*ACI Journa., Oct. 1957, Proc. V. 54, p. 341. Disc. 54-18 is a part of copyrighted JourNAL or THE AMERICAN 
Concrete Instirute, V. 29, No. 12, June 1958, Proceedings V. 54. 

+Member American Concrete Institute, Consulting Engineer, Stuttgart, Germany. 

TRegius Professor of Civil Engineering, University of Glasgow, Glasgow, Scotland 
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failure also takes place along a 45-deg helix (as shown in Type 1, Fig. 7) 
because concrete is weaker in tension than in shear or compression. Conse- 
quently the strength of an unreinforced concrete torsion member depends on 
the tensile strength of the concrete. If, however, tmaz is calculated from Eq. (1) 
using the value of a given it will be found that v»a. is much greater than the 
tensile strength of plain concrete. The error is caused by taking the value for 
a corresponding to an elastic state of stress. 

If the concrete behaved as an elastic material then the failure of an unre- 
inforced specimen would start by the development of a crack at the midpoint 
of the longer side. The failure however takes place suddenly, the cracking 
occurring over the whole section simultaneously. 

This points to a plastic stress distribution at failure. If this is so then it 
can be easily shown that 


T = vb*d (0.5 — b/6d 


The writer analyzed* a number of investigations into the torsional resist- 
ance of plain concrete specimens on the plastic equation given above and 
found that the value for v was approximately equal to the tensile strength of 
plain concrete. 

Analysis on the elastic lines given by Professor Ernst is not in the writer’s 
opinion completely valid for plain concrete. 


AUTHOR'S CLOSURE 


Dr. Leonhardt’s comments on the increasing need for information on the ul- 
timate torsional strength of reinforced concrete is heartily concurred with. In 
addition to the further tests proposed by Dr. Leonhardt, future investigations 
should include combined bending and torsion, and also the transfer of torsional 
moments into columns as flexural moments. 

With regard to the starting point of the first crack, the beams with the 
greatest amount of transverse steel exhibited cracking that began at mid- 
depth of the 12-in. faces and spread toward the top and bottom of the beams. 
For beams with less transverse steel, it was difficult to be certain as to the 
starting point because of the rapidity of crack formation. 

Professor Marshall clearly describes the effect of differences in shearing, 
tensile, and compressive strengths in resisting torsion. Assuming the tensile 
strength to be controlling, it is evident that a material must have sufficient 
plastic tensile deformation to distribute the ultimate tensile strength uni- 
formly from the outer surface to the center to develop the full plastic torque 
represented by T = vb*d [0.5 — (b/6d)|, with v equal to the ultimate tensile 
strength. Although concrete has a certain amount of plastic tensile deforma- 
tion, it is extremely small and should result in failure at a torque closer to the 
elastic state than the plastic state. The average v resulting from the plastic 


*Marshall, W. T., “The Torsional Resistance of Plastics with Special Reference to Concrete,’’ Concrete and 
Constructional Engineering (London), Apr. 1944. 
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equation for the beams without ties is about 188 psi. If a semiplastic equation 
for rectangular beams is approximated by proportioning between the elastic 
and plastic states in the same ratio as exists for the circular section with a 
parabolic stress-strain relationship, the value of v would be about 224 psi. 
Although direct tension tests were not made for the mix used, the tensile 
strengths of equivalent mixes reported in other investigations in the United 
States have averaged close to 350 psi. The assumption of a linear elastic 
state at ultimate torque for the beams with no ties provides an average value 
for v of 332 psi, which is in better agreement with the tension tests made in the 
United States than either the fully or partially plastic states of stress. How- 


ever, Professor Marshall’s investigations of plain concrete in torsion show good 


agreement with the plastic equation, which would seem to point to the possi- 
bility of a difference between the cements used in the United States and 
Scotland. The higher tensile deformability implied by agreement with the 
plastic equation would be a very desirable quality. 

Dr. Leonhardt’s and Professor Marshall’s discussions have been most 
helpful in emphasizing several important aspects of torsion when applied to 
reinforced concrete beams. 
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Discussion of a paper by K. E. McKee and E. I. Fiesenheiser: 


= . * 
A Critical Look at Slab Design Methods 
By KUANG-HAN CHU, PAUL ROGERS, and AUTHORS 
By KUANG-HAN CHU 


A valuable contribution has been made by Messrs. McKee and Fiesenheiser 
in providing a comparison of ACI slab design methods with results based on 
vield-line theory. However, to use their data properly, the writer believes 
that the following points should be clarified. 

1. As shown by the curves, the moments based on yield-line theory are 
closer to those based on ACI Method 1 than those based on Method 2. This is 
primarily because of the fact that both the moments based on yield-line theory 
and those based on ACI Method | are average moments of the whole slab while 
the moments based on ACI Method 2 are average moments in the middle strip 
only. To make a fairer comparison, the following paragraph in the ACI Code 
with regard to Method 2 should be noted: 

“The average moment per foot width in the column strip should be 24 
of the corresponding moments in the middle strip.”’ 

Thus the average moment of the whole slab (since column strip and middle 
strip each equals 14 of the width of the slab) is 4% K 24 + 6 X 1 = 0.833 
of the middle strip moment. For example, for a square slab, a/b = 1, four 
edges pinned, the moment coefficient given by ACI Method 2 is 0.050. There- 
fore, the average moment for tne whole slab based on ACI Method 2 is 0.833 
xX 0.050 = 0.0416. This is exactly the same as the coefficient given by ACI 
Method 1, 0.33 XK 144 = 0.0416, which is also the same as the one given by 
the yield-line theory. Other coefficients can be compared the same way. 


2. It can be shown that close agreements are found for all curves except 


for slab moments in the short span when the long sides are simply supported 
while the short sides are either simply supported or fixed. In such cases, 
ACI Method 2 gives much lower moments then either ACI Method 1 or the 
yield-line theory. However, it should be noted that ACI Method 2 was never 
intended for ideally simply supported edges, as negative moments are given 
for all discontinuous edges. 

The 1940 Joint Committee Report stated: “These recommendations are 
intended to apply to slabs isolated or continuous, supported on four sides by 
walls or beams, in either case built monolithically with the slabs.”’ 

“*ACI Jounn aL, Nov. 1957, Proc. V. 54, p. 397. Dise. 54-21 is a part of copyrighted JourRNaAL or THE AMERICAN 
Concrete Institute, V. 29, No. 12, June 1958, Proceedings V. 54. 
tMember American Concrete Institute, Associate Professor, Department of Civil Engineering, Illinois Institute of 


Technology, Chicago, Ill. 
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No such positive statement has been found in the current ACI Building 
Code. 

For those who are interested in the theoretical background of the ACI 
methods, it might be worth pointing out that ACI Method 2 was based on the 
papers by Westergaard and Slater in 1921°° and Westergaard in 1926?* and 
ACI Method 1 was based on the papers by DiStasio and Van Buren in 193624 
and Bertin, DiStasio and Van Buren in 1945.'5 The writer would like to 
congratulate the authors for bringing to the attention of the profession the 
necessity of reviewing the background of the specifications from time to time. 


By PAUL ROGERS* 


The authors have presented an interesting and useful method of curve 
plotting which enables the reader to easily compare the different analytical 
and design methods. 

A study of these charts reveals that there is a wide gap between ACI Meth- 
ods 1 and 2, which are included in the ACI Building Code. When these 
methods, particularly Method 2, are compared with either the elastic or 
yield-line theory, one finds a discrepancy too large to be ignored. 

The writer has endeavored for many years to bring about a moderniza- 
tion of the present code provisions for two-way slabs, or, until this can be 
achieved, to eliminate Method 2 as being unsafe, uneconomical, and un- 
realistic. '® 


The writer’s Cases No. 1 to No. 9 (Fig. A) indicate, in detail, the major 


variations of moment coefficients in the short direction only when computed 
by the elastic theory and by ACI Method 2. 

The charts of Fig. A include both positive and negative moments. The 
supports are assumed as unyielding, and Poisson’s ratio is equal to zero. 


The authors rendered a useful service by presenting their graphical method, 
and calling attention to the inadequacy of Method 2 of the ACI Code. 


*Member American Concrete Institute, Consulting Engineer, Chicago, III. 


Author's closure appears on p. 1182. 
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AUTHORS’ CLOSURE 


The authors wish to thank Dr. Chu and Mr. Rogers for their interest in and 
contributions to the paper. 

As Dr. Chu points out, the moments used in connection with ACI Method 2 
were based on the requirements for the middle strip. This assumption, 
which is conservative, was introduced for two reasons: first, in some design 
offices the steel requirements over the middle strip are used for the entire 
width and, secondly, it allowed the analyses to be conducted in a more general 
fashion. The authors believe that Dr. Chu’s comments have clarified this 
limitation of their presentation. 

Dr. Chu’s second comment concerned the limitation of ACI Method 2 
to slabs built monolithically with the walls or beams. The 1940 Joint Com- 
mittee limitation was known to the authors prior to publication. Since this 
limitation is not included directly or by reference in the current ACI Code, 
many, if not most, designers interpret a “discontinuous edge’”’ to include 
simply supported conditions. Whether the limitation be on support condi- 
tions or on side ratios, as mentioned in the paper, it is obvious that the pub- 
lished limitations for ACI Method 2 are not complete. As shown in the paper 
unsafe designs can result from application of the code, as currently written, 
for this method. 


Mr. Roger’s presentation of his results for the nine cases is interesting. 
It should be noted that Mr. Roger’s interpretation of a “discontinuous” edge 


, 


is a simple support and a ‘‘continuous” edge as a fixed support. On that 
basis his comparison with ACI Method 2 should be considered in light of 
Dr. Chu’s second comment. It should be noted that Mr. Roger’s cases al- 
though more extensive than the four considered by the authors, are also 
limiting rather than all-inclusive. Any number of additional cases can be 
introduced by considering partial fixity at the edges, e.g., through negative 
moments resisted by torsional rigidity of the supporting beams at discon- 
tinuous edges or by interrelations with adjoining slabs and beams at con- 
tinuous edges. 
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Discussion of a paper by William Shelson: 


Bearing Capacity of Concrete’ 


By TUNG AU, D. CAMPBELL-ALLEN, W. G. PLEWES, MAURICE ROYER, and AUTHOR 


By TUNG AUf 


In the analysis of bearing test results presented in the paper, the author 
pointed out that since the testing blocks were generally bedded on heavy 
steel platens during the tests, the results are not necessarily representative 
of shallow blocks bedded on soil or other material with relatively low modulus 
of elasticity. This fact tends to restrict the scope of application of the test 
results as well as the conclusion on effect of depth-width ratio of the testing 
blocks. It is questionable, therefore whether the present test results should 
be accepted as sufficient evidence to revise the allowable bearing stresses per- 
mitted by Section 305 of the ACI Building Code (ACI 318-56) without 
further tests of more flexible blocks embedded on elastic foundation. 


The report of the Joint Committee on Standard Specifications for Con- 
crete and Reinforced Concretet in 1940 adopted the following formula for 
minimum area A of footing or pedestal: 


where A’ is the area of the column, f, the allowable bearing stress on concrete 
in the column, and f.’ the ultimate compressive strength of concrete in the 
supporting member. It was stated, however, that “‘in all cases the concrete 
supporting member should be of such quality that the ratio of f, to 0.25f,’ 
does not exceed 1!4.”’ In other words, although the formula is in effect 
identical to the curve based on Bauschinger’s test data with a factor of safety 
of 4, the application to the determination of bearing pressure has been limited 
to the cases for which the ratio A/A’ is equal to or less than (1.5)* or 3.375. 
Such restriction can be attributed to the uncertainty regarding the influence 
of large footing area on the concrete bearing pressure under the column when 
the footing itself is embedded on soil. In view of the low limiting value for 
A/A’, this type of empirical formula does not serve the purpose it was in- 
tended to, and the variation of bearing pressure can be approximated by a 

*ACI Journat, Nov. 1957, Proc. V. 54, p. 405. Dise. 54-22 Las part of copyrighted JouRNAL or THE AMERICAN 
Concrete Institute, V. 29, No. 12, June 1958, Proceedings V. 

tMember American Concrete Institute, Visiting Associate Feakeser of Civil Engineering 
of Technology, Pittsburgh, Pa. 


Joint Committee on Standard Specifications for Concrete and Reinforced Concrete, ‘‘Recommended Practice 
and Standard Specifications for Concrete and Reinforced Concrete,"’ June 1940, Section 870. 


1183 


, Carnegie Institute 





1184 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE June 1958 


straight line relation in this range. Hence, the allowable bearing stresses 
in the ACI Building Code are no more conservative than the provision in the 
Joint Committee Report except that, in the former, the limit of A/A’ has 
been rounded off to 3. 


For the cases of footings or pedestals embedded on bedrock, however, the 
test results presented and correlated by the author indeed indicate that, within 
the range of tests, the allowable concrete bearing stresses may be increased 
with an increase in the A/A’ ratio. Unfortunately, even for this type of 


problem, the test data do not include 
points at lower ratios of A/A’ which 
occur more often in actual practice. 


ACI In this range, inference has been 
Code 


TABLE A—COMPARISON OF FORMULAS 


drawn from Bauschinger’s test data 
1125 on sandstone which, the author con- 
150 tended, cannot be applied to concrete 
1.30 without serious reservations. In ex- 
1) amining Fig. 10, it is debatable 
whether the bearing pressure on con- 
crete at A/A’ = 1 should be taken 
as high as that indicated by the dotted 
line. 


ee ee OOO WN Nee eee 


One may agree with the author’s 
opinion on the approximate shape of the curve outside the range of test results, 
but it is difficult to follow his reasoning in choosing an exponential function as 
given by Eq. (1) for allowable bearing stress. For R = A/A’, 


f = 0.25 f.' R° (1) 


If the main purpose of the proposed formula is to provide a permissible bearing 
stress in accord with ACI Building Code at the lower end of the curve and 
to give a closer agreement with the test curve for higher ratios of A/A’, 
there seems to be no need to replace the formula recommended by the Joint 
Committee Report which can be rearranged as follows: 


f = 0.25 fi dR. 


On the other hand, if the proposed formula is intended to reduce the allow- 
able bearing stress for lower ratios of A/A’ as well as to increase the allow- 
able stress at higher ratios of A/A’, the proposed formula has not gone far 
enough. One way of achieving this result and avoiding the exponent of 0.3 
in the formula is to adjust the constant coefficient in Eq. (2). The following 
formula is an example: 


f = 0.215 f.' YR. 
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A comparison of these formulas is made for various ratios of A/A’, and the 
results of f/f.’ multiplied by an assumed factor of safety of 4 are tabulated 
in Table A. It is obvious that all points computed by Eq. (3) for A/A’ less 
than 8 lie below the dotted line in Fig. 10, while some of the points by Eq. 
(1) for the same range are not necessarily so, particularly since the dotted line 
itself may tend to dip further down near A/A’ = 1. At higher ratios of 
A/A’, points computed by Eq. (1), (2), and (3) all lie below the test curve in 
Fig. 11, and Eq. (1) and (3) give practically identical values. 


By D. CAMPBELL-ALLEN* 


Three separate investigations during the last 13 years have been carried 
out at the University of Sydney on mortar and concrete cylinders loaded 
axially by circular steel punches over a part of their areas. The ratio of 
concrete area to loaded area has been in the range from 1.8:1 to 28:1 with the 
majority of observations having a 
ratio of less than 8:1. These test ie Sen saeee one 
¥: ( 0 35S é Oke se sSUS 
: ' h MORTAR CYLINDERS 
may therefore help to fill one of the 

° Diam- Diam- Height Bes r Mort: 
gaps pointed out by the author. came lemes. at laeetae 

a . punch, | ecylinder,| cylinder at strength, 

The tests on mortar specimens, in. in. in failure, psi 

. . ar P psi 
summarized in Table B, were made in 


" 4690 1070 


1945 using a 3:1 sand-cement mix 6080 


; » ‘ s : ‘i } 6310 
with a W/C ranging from 0.62 to 0.50 5820 


by weight. Tests were made at about 5 3040 
7 days age (to speed results) and so 5 6000 
represent low strength material. Each oven 
result quoted is the mean of three 1970 
tests on similar specimens. The con- 2030 
trol tests were carried out on 4 x 8- i ; 9750 
in. cylinders at the same age as the 3580 
bearing tests. = 

The concrete test results (Table C) were obtained in 1955 and 1956 as part 
of an investigation into anchor-zone stresses in prestressed concrete and repre- 
sent results on high strength concrete. The number of test results used to 
obtain the mean and the standard deviation of test results is included in the 
table, which indicates that the testing variation was small for Set 6. Failure 
in all cases occurred by the formation of a cone (with a vertical angle of about 
10 deg) followed by splitting of the cylinder into three or four pieces separated 
by radial cracks. A few tests using steel cones of about the same shape as 
the concrete failure cone showed that the load required to split the cylinder 
after the cone formed was much less than the load required to form the cone, 
thus indicating that failure follows closely the formation of the cone. 

The results have been plotted in Fig. A. It appears that tests in which the 
depth/diameter is greater than 1:1 lie approximately on a straight line for the 


*Member American Concrete Institute, Senior Lecturer in Civil Engineering, University of Sydnev, Sydney, 
Australia. 
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Fig. A—Concentric loading 
tests on mortar and concrete 
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range of footing area/loaded area from 1.8 to 16, and the values of bearing 
pressure are everywhere greater than the author’s results for comparable 
footing areas. The change of shape from square to circular cross section 
may be in some measure responsible for this increase. In three cases, the 
depth /diameter ratio is less than 1:1, and in these cases a substantial reduc- 
tion in bearing pressure was observed. This is contrary to the author’s 
observation even though the test conditions were similar in that the speci- 
mens were bedded on the steel plate of the testing machine. 

The author’s tests are all on centrally loaded footings, while ACI 318-56 
permits considerable eccentricity. Some light on the effect of eccentricity 
is given by a small number of tests in the 1945 series in which 4 in. diameter 
cylinders were loaded through 1 in. diameter discs with various eccentricities. 
Fig. B shows the results, which indicate that for the maximum eccentricity 
for which any stress increase is permitted by ACI 318-56 the bearing pressure 
is only 52 percent of the pressure when loading is concentric. Nevertheless, 


TABLE C—LOADING TESTS ON CONCRETE CYLINDERS* 


Bearing pressure, Cylinder strength, 
psi psi 
Type of 
test Standard Standard 
Mean deviation Mean deviation 


Punch loading 13,870 1880 

Compression 8620 350 

“Brazilian” 514 104 
tension 


Punch loading 

Compression 

“Brazilian” 
tension 


*§ x 12-in. cylinders; 3 in. diameter punch. 
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Fig. B—Eccentric loading tests FOOTING AREA 
on mortar cylinders LOADED AREA 
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the bearing pressures are still substantially above those permitted by the 
ACI Code with a factor of 4. On the other hand if a similar reduction were 
obtained for the author’s test conditions, the design curve proposed by the 
author would no longer be conservative. 


The case of the cylinder loaded through a concentric punch has been ana- 
lyzed by the theory of elasticity and experimental evidence has been obtained 
in support of the calculated stress distributions. It has also been shown that 
the stress distribution remains elastic (at least for high strength concrete) 
up to 80 percent or more of the failing load. This elastic analysis has how- 
ever not been successful in predicting failing loads, since the tensile strain 
reached in the concrete has been shown to be of the order of four times that 
obtained in a simple tension test. A theory of failure accounting for this 
marked increase in tensile strength in material subjected to biaxial stresses 
has not yet been established. The case tested by the author has been ana- 
lyzed elastically by Guyon,* and it would be interesting to know whether a 


similar increase in tensile strength occurs in the case of the square footings. 


The tests were done by final year civil engineering students, W. 8. Butcher 
and R. B. Cooper (1945); D. J. Douglas and N. 8. Trahair (1955); J. Graham 
and N. M. Hawkins (1956) under the direction of H. J. Vogan and the writer. 


By W. G. PLEWEST 


It seems that the present allowable stresses for base plates on concrete 
footings founded on rock are based on a small amount of experimental data. 
The author has made an excellent contribution which points the way to higher 


*Guyon, Y., ““Contraintes dans les Piéces Prismatiques Soumises A des Forces Appliquées sur Leurs Bases, au 
Voisinage de ces Bases,"’ Publications, International Association for Bridge and Structural Engineering (Zurich) 
V. XI, 1951, pp. 165-226. 

tBuilding Structures Section, Division of Building Research, National Research Council, Ottawa, Canada. 
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allowable stresses where the footing area/loaded area ratio is high but more 
evidence is needed as he suggests. 

The curve proposed as a substitute for the ACI curve is for footings having 
a depth/width ratio of 1:1. Meyerhof’s data (Fig. 10) indicate that there are a 
whole family of curves for different depth/width ratios. It is difficult to say 
from the present data whether the effect of varying this ratio can be ignored 
for the usual ratios of bearing area/footing area and the author’s assumptions 
in this regard are not clear. What for instance would be the effect of in- 
creasing the depth/width ratio to 1.5 where the footing area to loaded area 
ratio is small? From Fig. 12 it appears that the curve might fall below the 
ACI and proposed curves so that the desired factor of safety would be re- 
duced. 


By MAURICE ROYER* 


In the author’s timely and interesting article, he points out that the results 
of Bauschinger’s tests may be approximately represented by the formula 


which may be written 


where R = A/A’. 
He then plots a curve (Fig. 11) 
those of Meyerhof’s tests. 


He suggests that the formula 


is a reasonable and more realistic working formula with a factor of safety of 4. 
This formula is practically the same as that from Bauschinger’s tests, with a 
factor of safety of 4. 

The writer believes that, in view of the asymptotic characteristic of the 
curve of Fig. 11, a hyperbolic formula would be more consistent with the test 
results and would be of a simple application. 

It will be found that the formula 


is much closer to the test curve for all values of R above 10 than that sug- 


*Member American Concrete Institute, Consulting Engineer, Quebec, Canada. 
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gested by the author. The writer therefore would suggest that if a load 
factor of N is desired, a working formula of the form 


: X¢g # 20 
= oO 
: \ R 5 


should be used for values of R above 10, and that a formula of the form 


should be used for values of R up to 10, to conform more closely with the test 
results. 


AUTHOR'S CLOSURE 


The discussions by Messrs. Au, Campbell-Allen, Plewes, and Royer pro\y ide 
a valuable supplement to the data presented in the paper. 


The selection of a suitable design formula depends to some extent on per- 


sonal judgment and experience. It should be noted that Bauschinger’s 
formula is based on the compressive strength of a cube-shaped test piece 
Hence, this formula would not be valid if f.’ were taken to be the compressive 
strength for a 6 x 12-in. cylinder. 

Elastic stresses in the square footings were calculated using Guyon’s equa- 
tions. It was found that for the loads required to cause failure of the footings, 
calculated elastic tensile stresses were greater than tensile strengths obtained 
from briquet tests. This result may not be significant since the equations 
do not provide an exact solution, nor do they include any allowance for plastic 
flow. 
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Discussion of a report by ACI Committee 711: 


Proposed Revision of ACI Standard 711-53 


Minimum Standard Requirements for Precast 
Concrete Floor and Roof Units* 


By MICHAEL ALEXANDER, P. O. FREEMAN, and COMMITTEE 
By MICHAEL ALEXANDERT 


The presentation would be clarified by defining some terms. For example, 
several references are made to “factory methods” and “factory control.’ 
But surely the existence of a building called a factory doesn’t assure a high 
standard of quality, since the concrete can vary just as much as can the com- 
petence, efficiency, or integrity of the managers. How about precasting on 
the job site? When can this qualify as factory control? It seems that what 
is needed is a clear statement of what procedures constitute “factory methods.” 
It appears that a vague term has been used in the interest of brevity. 

The term “topping” as used in Section 403 is also applied by some en- 
gineers to a field-placed floor slab over joists, such as described in Section 408. 
“Topping” is apparently intended to apply only to placement over a con- 
tinuous concrete surface such as that presented by a series of contiguous 
channel slabs. It is not clear, however, why a shear stress of 0.02f.’ is allowed 
at the plane of construction in Section 403, while the corresponding value for 
precast joist floor design (Section 408), is permitted to be 0.03f,’. 

This is further confused by. the fact that in Section 403 the topping is re- 
quired to be “thoroughly bonded to the surface of the precast unit.” (It 
is hoped that the definition of satisfactory bonding will be in the body of the 
standard rather than in a footnote.) But Section 408, where the higher shear 
stress is permitted, requires no such special bonding procedure. 

In Section 408, it is not clear whether the horizontal shear stress v, is to be 
computed on the total contact surface between joist and slab, or only on the 
horizontal contact surface at the top of the joist. This is of interest when the 
slab concrete is weaker than the joist concrete. 

It would also be helpful if every presentation of a proposed ACI standard 
were accompanied by a bibliography referring to test data or theoretical reason- 
ing upon which the various provisions are based. Where no such data exist, 
it should be so stated, so that the practicing engineer can decide for himself 
how much reliance (whether on the conservative or liberal side) to place on 


*ACI Journat, Dec. 1957, Proc. V. 54, p. 185. Disc. 54-24 is a part of copyrighted JourNaL or THE AMERICAN 
Concrete Institute, V. 29, No. 12, June 1958, Proceedings V. 54. 
tMember American Concrete Institute, Associate, Severud-Elstad-Krueger Associates, New York, N. Y 
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criteria which have not been demonstrated in the laboratory. I would be 
very much interested, for example, in knowing whether there are test data 
upon which the recommendations in Section 801, referring to the lateral 
transfer properties of hollow-core units, are based. 


By P. O. FREEMAN* 
DESIGN, SECTION 407 


This section establishes a method of determining the value of for use in 
designing lightweight aggregate concrete and cellular concrete. We would 
draw to the committee’s attention that when cellular concrete is manufac- 
tured by the “chemical” process, using aluminum powder to produce the rise 
of the materia!, it is impractical to cast 6 x 12-in. cylinders. The rise of the 
material is greatly inhibited by the relatively large area of mold surface in 
relation to the cross section of material attempting to rise. Specimens manu- 
factured in cylinder molds would therefore have a greater density and a less 
uniform structure than material made in large molds in the production of rein- 
forced slabs. For this reason, it is standard practice to do compression tests 
on 6-in. cubes. 


Early in our research program, we manufactured many cylinders by turn- 
ing the material on a lathe, and tested these cylinders in comparison with 


6-in cubes to determine the ratio of strength values obtained from cylinder 
tests and cube tests. It was found that the 31 lb per cu ft material, having a 
compressive strength of about 500 psi, provided a cylinder:cube ratio of 
approximately 0.98. The 44-lb material, having a compressive strength of 
approximately 900 psi, provided a ratio of the order of 0.92. We have there- 
fore used only cube tests in our control testing and have used the readings 
so obtained and a value of 40 percent f.’ for design calculations. 


Due to the impracticability of test cylinders, we have employed a some- 
what unconventional method of determining n. We have performed a large 
number of load-deflection tests and have calculated back from these tests to 
determine the value of n from observed deflections. We think this method 
is actually more closely applicable for design of reinforced slabs. than is the 
method described in Section 407. This is proven by the fact that when a 
certain method for calculating the moment of inertia of the cross section 
is correlated with a value of the modular ratio found from deflection tests, 
in which the calculations employ that moment of inertia, the resulting designs 
can always be tested to provide an actual observed deflection closely related 
to the calculated deflection. 

We therefore suggest that Section 407 be revised to include provision for 
the determination of n from the load-deflection curves of typical slabs from 
various manufactured series. 


*Member American Concrete Institute, Research and Design Engineer, Siporex, Ltd., Montreal, Quebec. 
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DESIGN, SECTION 401 


This section requires that the allowable design stresses shall conform to the 
appropriate sections of ACI 318-56. It has been our experience that with 
welded, mats and a heavy anticorrosion treatment on the steel, which adheres 
more strongly to the steel than would concrete, the bond values may be in- 
creased considerably without affecting the deflection or ultimate strength 
characteristics of the slabs. This has been confirmed by performing pull-out 
tests, using both treated and untreated rods. 

It is presumed that the increase in bond results from a combination of the 
increased diameter of reinforcing rod (due to the anticorrosion treatment 
and from the autoclave curing. 

It is therefore suggested that Section 401(a) be related to Section 101(c), 
where the peculiarities of a material or a process indicate that variation from 
the requirements of ACI 318-56 could be permitted. 


DESIGN, SECTION 404 


It has been our experience, confirmed by long-term tests, that autoclaved 
cellular concretes suffer less than one-tenth as much deflection due to shrink- 
age and plastic flow as do moist cured or low pressure steam cured concretes of 
conventional aggregate, lightweight aggregate, or cellular concrete. 

In view of the many occasions which have arisen over the years where de- 


flections of this type have developed in conventional precast or cast in place 


floors, the committee might give some consideration to controlling this type 
of deflection, either under Section 104 or under Sections 501 and 502. 


INSTALLATION, SECTION 701 


It is suggested that the committee might consider including, under this 
section, minimum end bearing for precast slabs. 


COMMITTEE CLOSURE 


As pointed out by Mr. Freeman, difficulties are encountered in obtaining 
representative standard size test cylinders of very light weight cellular con- 
crete in which the air cells are produced by chemical reaction. These diffi- 
culties were not foreseen during the preparation of the proposed revised 
standard. Apparently the determination of f.’ and FE, for these low density 
autoclaved cellular concretes will have to be made by special procedures in- 
volving special test specimens. 

No difficulty is foreseen in the determination of f.’ using a cubical specimen 
if a proper correction factor is applied to relate the strength to that obtained 
by a 6 x 12-in. cylinder. The factors 0.98 and 0.92 suggested by Mr. Free- 
man for two mix densities seem high, though it is possible that the factor would 
be influenced by the low strength of the concrete. 

A beam deflection test can be used to determine FJ; however, it ts difficult to 


separate the two factors because the resisting section changes with increasing 
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load, the full section being effective until cracking of the tensile concrete be- 
gins. It is entirely possible to develop a safe, if not exact, procedure for 
determining F, and therefore n by a deflection test. 

Methods for the determination of f.’ and n for this class of concretes should 
be included in a future revision of the standard. 


In discussing Section 401(a), Mr. Freeman attributes increased bond 
strength to anticorrosion treatment of the steel and to the autoclave curing, 
as demonstrated by pull-out tests of treated and untreated rods. When these 
results are applied to anticorrosion-treated welded wire mesh, a part of the 
apparent increase in bond strength is due to anchorage furnished by the cross 
wires of the mesh. It is not deemed necessary to refer to Section 101(c) 
which is obviously applicable. To do so would require a similar reference in a 
number of other sections. 


In this standard it is believed that the deflection requirements of Section 
301 adequately limit both elastic and plastic deflections. It may be that this 
is not true for all types of concrete, especially for lightweight aggregate con- 
cretes and cellular concretes. The problem is complicated because plastic 
action is modified by the arrangement of reinforcement. For standard, mass- 
produced precast members, acceptable performance of the member in service 
requires consideration of plastic action by the manufacturer. If this proves 
to be insufficient limitation, then a revision of Section 301 would be indicated. 

It is considered that end-bearing requirements are satisfactorily covered 
by the Building Code (ACI 318-56) Section 305(a) and by test performance. 


“FACTORY” CONTROL 


In Section 405 the reference to “factory controlled conditions” is at least 
partly defined as requiring that the concrete be vibrated or forced into place 
under pressure. Further, in Section 402, where factory controlled concrete is 
mentioned, it is required that positive and rigid devices be used to insure 
exact location of steel. It is difficult to define ‘‘factory methods” and “‘fac- 
tory control” very precisely except at great length. The committee’s intent 
is that factory control, as applied to precast concrete members, includes: 
(a) the use of accurately dimensioned forms; (b) accurately made reinforce- 
ment assemblies; (c) positive and accurate positioning of reinforcement in 
the forms; (d) rigid control of concrete quality and concrete placement; (e) 
well controlled curing conditions; and (f) adequate storage facilities. Whether 


these conditions are satisfied depends largely on the competence and integrity 
of the factory manager. The determination of whether or not a particular 
operation constitutes factory operation should ultimately lie with the technical 
consultant of the authority having jurisdiction over the acceptance of the 
product. Any precasting operation satisfying the above criteria may be 
considered a factory operation, wherever its location. The committee will be 
asked to consider the possibility of defining the terms in question more fully. 
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TOPPING 


The term “topping” as used in Section 403 is intended to apply to place- 
ment over a continuous concrete surface. Such surfaces are often not made 
rough for bonding and hence the limit of 0.02 f.’ on the shear stress. The 
allowance of 0.03 f.’ in Section 408(b) for shear between floor slab and joist 
flange may logically be questioned if the joist flange is not keyed or otherwise 
roughened to develop shear resistance. The allowable stress of 0.03/,.’ has 
been used successfully in joist and slab construction for a number of years. 

tefer to “Concrete Slabs and Precast Joists as Monolithic T-Beams,” by 
I. N. Menefee, Concrete, 1934. 

Although it is not stated explicitly, it is intended in Section 408(b) that 
the contact perimeter between slab and joist be used in calculating shear stress. 

The writer agrees that a bibliography referring to background material 
would be most helpful. However, in the work of preparing a standard, the 


pressures are such that the primary effort is directed toward the standard 


and the supporting data are seldom organized in presentable form. Some 
tests have been made to support the recommendations of Section 801 relative 
to lateral transfer of load by grouted joints. 
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Discussion of a paper by Jacob Feld: 


Failures of Concrete Structures 


By EDWARD A. ABDUN-NUR, LOUIS BALOG, R. M. GENSERT, 
J. J. POLIVKA, E. M. RENSAA, PAUL ROGERS, HENRY H. WERNER, and AUTHOR 


By EDWARD A. ABDUN-INURT 


The author has come through again with one of his inimitable papers 
that are always so challenging, thought provoking, and most interesting. 
He is to be complimented for sifting through the large mass of literature and 
selecting very appropriate examples of various types of failures. His classifi- 
cations of the failures into 11 groups adds realism and makes a more readable 
and informative piece of work. 

The writer agrees completely with the author’s first paragraph on ‘“super- 
vision omission.” Proper inspection is the key, and the most important 
factor in reducing failures to a minimum. Every engineer knows that the 
best designs and specifications can be ruined by improper, careless, or incom- 
petent inspection. In these days of shortage of technical personnel, a very 
important key to proper inspection is training. There is hardly a job that 
can be properly controlled without some degree of training and indoctrina- 
tion of inspectors. Another important factor in obtaining satisfactory finished 
structures, is the backing of the inspectors by management. Without such 
backing, the inspector can get nowhere with his work no matter how com- 
petent he may be. 

The author’s comparison between making good bread and good concrete 
is certainly valid. However, on the larger projects some measures such as 
“self-functioning” and automatic features can be incorporated into the re- 
quirements to reduce the vulnerability and hazards due to rush work. Even 
on the smaller jobs some of these features can be used to advantage, although 
not to the extent possible on the larger work. 


By LOUIS BALOGT 


Structural failures direct attention to lack of knowledge or to disregard 
for available knowledge. Investigation of the causes of failures based on 
complete data may lead to improved designs. Progressive developments in 
making concrete and in placing concrete and steel resulted in the condition 
that failures occurred more and more due to inadequate design of the struc- 
ture or the forms. 


*ACI Journat, Dec. 1957, Proc. V. 54, p. 449. Disc. 54-25 is a part of copyrighted JourNAL or THE AMERICAN 
Concrete InstitrutTe, V. 29, No. 12, June 1958, Proceedings V. 54. 

+tMember American Concrete Institute, Consulting Engineer, Denver, Colo. 

tConsulting Engineer, Binghamton, N. Y. 
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Fig. A—Storage yard ore trough collapse in 200-ft length in 1924 


Structures like that shown in Fig. A failed during the 1920’s due to any 


one of the classifications of failures by the author. Unlike such failures, that 
indicated in Fig. B deserves more than historical interest even at this time. 


THREE-HINGED FRAMES 


Fig. B shows the plan, concrete dimensions, and the reinforcement of the 34 
three-hinged frames of a 620 x 96-ft structure built in Austria in 1938. After 
the construction of Part I, the second half was built. The 17 frames of this 
Part II collapsed immediately upon the removal of the forms. 

The specified yield strength of the reinforcement was 56,890 psi at an elon- 
gation of 0.4 percent; the breaking elongation was 10 percent. The specified 
cube strength of the concrete was 4270 psi. The allowed stresses were 1420 
psi (concrete) and 31,290 psi (steel). These frames, spaced 18.8 ft, carried 
a ribbed concrete roof slab; the ratio of the dead load to live load was about 
4:1. In the uncracked condition of the concrete the computed deflection of 
the crown hinge was 1/550 of the span; with the concrete cracked at the 
tension side this deflection increased to 1/190 of the span, or to 5.65 in. The 
deflection of the standing frames varied from 3.28 in. to 6.18 in. The forms 
were not cambered. 

The bearing hinges, containing ten intersecting bars, spirally tied, were 
precast into about 8 x 9-in. blocks. These were set into the footings, ex- 
tending about 20 in. into the columns. A 2 in. thick felt layer covered with 
tar paper was placed around the intersecting bars at the top of the footings 
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to assure hinge action. After concrete was carefully placed around these 
hinge blocks, the columns were concreted in 20-ft heights. The wet concrete 
compacted the water-saturated felt completely in the 17 frames which stood 
up; however, 14 to 34-in. felt gap remained between the footings and the 
column bases of tne 17 frames which collapsed. The only difference between 
the standing aud the collapsed frames was that the columns of the standing 
frames rested on the footings. 


All 17 frames failed slightly above the bearing hinges. The bond between 
the precast hinge blocks and the column concrete was impaired as the wet 
concrete compacted the felt joints, the concrete and the two stirrups encasing 
the precast hinge blocks were too weak to take the shear, both stirrups yielded, 
and the 26 in. square concrete section broke. 
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The most significant fact concerning these failures was that the bearing of 
the columns on the footings established enough continuity to assure the 
stability of the standing frames. Continuous construction at the locations 
of these three hinges would have resulted in a satisfactory structure from the 
materials contained in these frames. 

Moment redistribution occurs in the properly reinforced statically inde- 
terminate concrete structure as long as shear failure is prevented. The bear- 
ing of the columns on the footings made the standing frames twice redundant. 
Even this kind of continuity was sufficient to effect stability of these frames, 
also because the large bearing pressures reduced the shear. 


This example indicates disadvantages of introducing hinges into excessively 


flexible single-span frames. Continuity reduces not only the deflections but 
also the shear at the column bases. The restraining moment reduces the 
shear because of the tapered form of the columns and the bearing pressures 
reduce the shear in the vicinity of the bearing. 


TWO-HINGED FRAME 


The failure of a 70-ft span two-hinged frame at Coronado (California) in 
1954, mentioned by the author, is an instructive example of the role of knees 
in two-hinged frames. Only the knees uniting the two base-hinged columns 
and the girder give stability to a two-hinged frame. Lack of continuity in 
the knees make such frames collapsible due to vertical and horizontal loads. 
The steel must be bent around the knees on a radius defined by the allowed 
bearing pressure and it must be extended into the columns and the girder. 
This is always practicable. 

The rebuilt frames of the same concrete dimensions have 12.48 sq in. total 
steel area in both the column and the girder sections of the knee, compared 
with 31.84 sq in. and 15.60 sq in. total steel areas in the respective sections 
of the collapsed frame. This latter frame, 20 in. wide, could not carry its 
own weight because the steel was cut in the knees. Efficient and safe 
design demands continuous steel in the knees. Overload, dynamic load, 
or chemical action may impair the continuity of bond spliced knee steel and 
bring about the collapse of two-hinged frames. 


HINGELESS FRAME 


Failure of a single span hingeless frame occurred because horizontal load 
moved the vertically loaded column top outward by 1/117 of the span of the 
frame. At this eccentricity of the load the column, with width-length ratio of 
1 :32.5, buckled. 

The conditions which make any type of single span frame unstable, in- 
cluding such effects of the deformations, should always be ascertained. 


CONTINUOUS FRAMES 


Frame stability increases with increasing number of spans. Continuous 
frames can become more rigid longitudinally than desirable from the point 
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of view of temperature and shrinkage stresses. The longitudinal movements 
of the girders will occur without excessive stresses in the six-span, 400 ft long 
frames discussed by the author, if the center column is made rigid and the 
others, proceeding symmetrically outward, are made successively more flexible 
or movable. In this manner the deformations occur in two equal symmetrical 
lengths. The safety of structures of the proportions of these girders can be 
definitely and economically assured for the conventional types of loadings. 

Less is known, however, concerning the design of frames in which the depth- 
length ratios of the members are large. Photoelastic and other model methods 
can help in the safe and economical design of such structures, many of which 
exhibit severe cracking. 


SHELLS AND FOLDED PLATES 


It is a significant fact that while extensive failures of girders, the oldest 
type of reinforced concrete structures, occurred during recent years, failures 
of the more novel roof shells and folded plates have been rarely reported.*° 

Large shell structures require the proper consideration of their construction 
accuracy and of the effect of the deformations on their stability. Increasing 
knowledge diminished continuously the value of buckling parameter / in the ex- 
pression of the critical load on spherical shells: 


mC) R 


Its first value, k = 2/¥v 3 (1 — v*), was derived by Robert Zoelly in 1915; 
for vy = 1/3, k = 1.225. Tests of Zeiss network domes during the early 1920’s 
revealed that a k = 1.225 buckling parameter was unsafe. Nevertheless, 


the correctness of this value was proved repeatedly by various authors until 
1939 when von Karman and Tsien arrived at k = 0.365. 

Experimental investigations of spherical shell steel models published by 
K6ppel and Jungbluth in 1953, and by K6ppel and Roos in 1956, showed that 
the value of coefficient k can be many times smaller than 0.365 as a function of 
the h/d and R/t ratios and of the support condition of the shell. 


Likewise, much smaller buckling loads than those resulting from previous 
coefficients were indicated by the reinforced concrete spheroidal shell mode] 
tests of Torroja published in 1950. Csonka‘*® analyzed these tests and estab- 
lished a buckling parameter value of k = 0.069. He found further that the 
behavior of the spheroidal shell shown in Fig. C defined a parameter value of 
k = 0.062; therefore, he recommended that the critical load on spheroidal 
shells be computed by the formula 


Pe = 0.06 E (7/R,; Re) 


Because of the varying and low values found for the buckling parameter k, 
the safety factor of large shell structures should always be ascertained in design. 
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Notation 


buckling coefficient 1, Re = radii of curvature of shell 
modulus of elasticity rise to span ratio of spherical shell 
shell thickness = Poisson’s ratio 


FORMWORK FAILURES 


Collapsed formwork seldom reveals the real cause for its condition, the 
author observed. Reported failures of erection bents, pile bents, and form- 
work bents, however, often permitted the conclusion that ineffective bracing 
of the columns made them act as if hinged top and bottom. The lateral 
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(a) Design Dimensions of Shell (b) Change of Design Shape of Center Sections of Shell 


Fig. C—Deformations of flat spheroidal shell in 1954. Continuity of concrete in 

center portion of shell was interrupted by 625 openings, 6.3 in. in diameter, spaced 

about 14 in. on centers both ways, and subsequently filled with glass disks. Irregular 
deformation of the shell began 3 years after construction 


deflections of such bents create transverse loads on the structure they support. 
The magnitude of these loads depends on the transverse rigidity and the 
vertical loading of the supported structure. When the critical magnitude of 
the vertical load is reached, collapse occurs. *® 

Generally, the majority of formwork failures are caused by development of 
hinges at the splices of ineffectively braced columns. 


INHERENTLY UNSAFE STRUCTURES 


The failure of only one member caused the collapse of pin-connected trusses. 
Nevertheless, insistence on their use prevailed because of fear of secondary 
stresses which never caused the failure of rigid-jointed structures. Use of 
simple spans instead of the safer continuous spans is another example of the 
same attitude. The use of primitively assembled wooden roof trusses in- 
stead of shell structures, despite failure of the former and the great carrying 
capacity, fire safety, and economy of the latter, is a further historical example 
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for the insistence on unsafe construction. More recently, it became evident 
that brittleness of materials is an inherent characteristic which should always 
receive consideration in design. 
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By R. M. GENSERT* 


This discussion refers in particular to the mention of the erection of the 
eight-tier lift-slab structure in Cleveland (last paragraph, page 462). Con- 
trary to what is stated and implied in that article, there was no failure of the 
concrete structure, and the erection difficulties encountered had no relation- 
ship whatever to the engineering analysis of stresses and strains. After a 
careful review, the authorities approved the completion of the building as 
designed. 

Mr. Feld might try to excuse or justify his unfortunate remarks about 
this incident in Cleveland by referring to the fact that it was given under the 
subhead of “erection failures.’”” However, as is well known, there may be 
erection failures by reason of fault in the original design of a structure as 
well as by reason of fault in the actual erection procedures. His article, if 
intended to confine the fault to erecting procedures, was careless and indefi- 
nite in not making such intention clear. The article may readily be read to 
suggest or imply that the “erection failure’? was due to original design of the 
structure, which is not true. 

The author’s bibliography did not provide authority for his statements, 
but on the contrary, found no fault or made no criticism of the original de- 
sign. 

Erection of a lift-slab structure depends upon procedures that are outlined 
in the lift-slab manual and upon usual and accepted erection procedures. As 
designing engineers, we did not have supervision of this patented erection 
procedure. 

The article stated that emergency action stopped further movement of the 


structure. This statement is erroneous since the displacement stopped hours 
before cables were tied to lamp posts, wire fences, and a few trucks. It is 


hard to imagine that there ever was a true failure since the structure assumed 
its intended frame action after the slack between collar and column was taken 
up. 


*Member American Concrete Institute, Gensert, Williams and Associates, Cleveland, Ohio. 





1204 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE June 1958 


Although the article indicates that straightening operations were carried 
out in violation of the building commissioner’s orders, actually he ordered 
the straightening to proceed. This fact was published in the local newspapers 
June 13, 1956. The structure was straightened by a much more elaborate 
process than the author implies. The operation was described in full detail 
in references in the author’s bibliography. 

The author’s conclusions regarding erection of the west tower of the struc- 
ture are further challenged on the basis of the later successful erection of the 
ast tower which did not displace at all, and on the basis of the present use 
of the entire building, all of which have vindicated the engineering design of 
the structure. Since litigation to determine liability (that does not involve 
the engineers) is still pending in the courts, it would be inadvisable at this 
time to comment further on the erection causes of the building displacement; 
this is vet for'the court to decide. 


By J. J. POLIVKA* 


The author’s survey of concrete failures is of great value not only for safety 
but also for further progress and development of structures in reinforced and 
prestressed concrete. Any past failure, no matter how important it was, 
should be reported and discussed, without bias, thus contributing to greater 
cautiousness of the designer and the builder. Reinforced, precast, and pre- 
stressed concrete are excellent structural materials, competitive with timber 
and steel if properly designed; however, they require greater attention not 
only by the designer, but also by the builder and his subcontractors. The 
writer believes that special attention should be given to the following causes 
of damages, failures, and necessary repairs: 


1. Concrete of the structure should have the specified properties. It may 
happen that a concrete mix complies with specifications, as proved with 
sample tests; however, its properties in the structure or in precast structural 
members are considerably weakened due to inadequate handling, curing, 
etc. on the construction site, lack of protection against atmospheric changes, 
restricted time of hardening, and other omissions. 


2. High strength steel wires, especially used for pretensioning, are usually 
stored in seller’s warehouses, and protected against rusting by surface greasing 
which must be reliably removed, because, if not, the basic property of this rein- 
forcing type—the bond—is partly or completely lost.t In extreme cases the 
bearing capacity of the structure vanishes. 

3. It is cheaper to manufacture pretensioned concrete members in a series 
using wires with excessive length with one pretensioning equipment. Nor- 
mally, such manufacture is performed in plants protected against weather 
and temperature changes. For example, if 500 ft long thin steel wires are 
pretensioned for a number of structural members, a temperature change of 
30 F causes expansion or contraction of approximately 114 in., which in 

*Member American Concrete Institute, Lecturer, Stanford University, Consulting Engineer, Berkeley, Calif. 


+See ‘“‘Reader Comment,” Engineering News-Record, July 9, 1953. 
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individual shorter members completely eliminates necessary bond during 
setting and hardening process of concrete, since there is a continual sliding of 
the embedded wires. This dangerous condition can be observed when wires 
of individual members are cut. When the concrete set with rising temperature, 
the wires are visibly retracted, and such members should be eliminated. 
Some engineering firms specializing in pretensioned concrete specify—if there 
is no possibility to manufacture the members in protected rooms—special 
skeletons for out-door pretensioning in heavy timber with adequate protection 
against changes in temperature, humidity, etc. 

4. Connections between various precast members should be carefully de- 
signed, and well executed. If the holes provided for interconnecting rein- 
forcement in a member, are close to the surface, the bond required for mono- 
lithic character and properties of the structure (continuity) is not secured; 
this condition may cause considerable increase of stresses and endanger the 
completed structure. If such connections are used in parts of the building 
where they are necessary for the required safety, and temporary supports 
must be installed until specified strength of the concrete is attained, the 
earlier removal of such supports (e.g., scaffold of a roof structure) is dangerous. 

5. It is surprising that in some cases after failure it was found that the 
placement of reinforcement (mild steel) was not correct and not in accordance 
with details of the designer. In such cases the reinforcement is bent and 
placed by the sellers who often are not acquainted with the function of steel in 
concrete and misplace some bars which seriously contribute to the failure. 

6. Most important is steady supervision by experienced engineer, especially 
during critical stages of the construction. 


By E. M. RENSAA* 


The writer read this paper with great interest. It is a useful reminder that 
engineers are in a special position because so much of their work is dealing 
with the laws of nature. It is often possible to break laws made by society 
and get away with it, but breaking the laws of nature to any appreciable 
extent brings swift and often serious punishment. 

During 33 years of professional work, the writer too has seen some failures 
of reinforced concrete structures and even more cases where failure was 
averted by eleventh hour corrections. 


BASIC ERRORS IN DESIGN 


It may be true that design deficiency is a rare occurrence insofar as direct 
errors of calculation are concerned. However, every design must be based 
on certain assumptions of loading and flexural conditions, and herein lies a 
great possibility of making errors. Furthermore, design has to comply with 


certain code provisions, and if these are followed, the structure is then sup- 


posed to be safe. Many designers with a limited understanding of basic 
facts believe that those who wrote the code knew most of what was worth 


*Member American Concrete Institute, Rensaa and Minsos, Edmonton, Alberta, Canada. 
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knowing about the subject. Codes are therefore likely to be followed blindly, 
also where they really do not apply. Making correct basic assumptions is 
therefore of primary importance, and often difficult. 

A serious deficiency with most reinforced concrete codes is that they contain 
only minimum requirements, without giving the limits of their applicability. 
Provisions which will give safe designs for ordinary members may be quite 
unsafe to use for large and complicated ones. Design formulas for shearing 
stresses and bond stresses, for instance, are based on the assumption that 
concrete cannot resist any tension on transverse cross sections taken a short 
distance apart, and that is not generally true in practice. However, the 
formulas are very useful as a means of obtaining relative stress values, as 
long as they are used for comparable conditions. Safe allowable relative 
stresses obtained by testing similar reinforced concrete members may then be 
used for design of members. Great errors may be made if there is no proper 
similarity between tests and design. For instance, the allowable shearing 
stresses are based on tests of simply supported beams where there are both 
shear and bending. We cannot safely assume that shearing stresses of the 
same magnitude, found by the same formula, would be safe if there is no 
bending but only shear. That condition will apply at points of contraflexure. 
The stress condition at this point has been discussed in a recent paper by the 
writer.*! There can be little doubt that a better understanding of the differ- 
ence between bending-shear and no bending-shear conditions would have pre- 
vented the failures of the air force warehouses. 

The fact that some design assumptions only apply to specific conditions 
is often overlooked. It is most often assumed that concrete has no tensile 
strength, and even sometimes assumed that it cannot take any shear either. 
None of these assumptions are generally correct, and concrete would be use- 
less as a construction material if such were the case. These assumptions are, 


however, in many cases useful and necessary for design purposes, but they 
should not be used as a basis for theories of general applicability. We know, 
for instance, that we cannot calculate actual deflection of a reinforced con- 
crete beam by assuming the concrete to have no tensile strength. Even so, 
it still happens that attempts are made to formulate general theories on basis 
of design assumptions. 


It is not always the engineers with little theoretical knowledge that walk 
into such a trap. One very special case of this kind of error may be of interest. 
The very able German engineer, the late Franz Dischinger, published in 
1942, a new formula for bond stress, in a German handbook for civil engineers. *” 
This formula gave much less bond stress than obtained by the previously 
accepted theory. The mathematical development of the formula was based 
on the usual German assumption that concrete can take no shearing stress 
on the complete length covered by the shear diagram, when the maximum 
allowable unit shearing stress at the support for concrete with no shear rein- 
forcing is exceeded. The equally noted reinforced concrete specialist, Emil 
MoOrsch, pointed out that the values obtained by the Dischinger formula, 
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did not agree with test results, nor with his own theory, which was based on 
truss analogy. A rather extensive discussion ensured, and in the end ten of 
the most prominent German professors sided with Dr. Dischinger.** 

No explanation by anyone was given as to why the Dischinger theory did 
not agree with actual tests. There was nothing wrong with the mathematical 
development of the forrmula, but what all the discussors seemed to miss was 
the fact that it was based on the incorrect assumption that concrete can take 
no shear. In the second edition of the same handbook, the Dischinger bond 
theory has been omitted. When test results and experience do not agree 
with a theory, we may be sure that it is the theory that is wrong. 

Too little space, in the writer’s opinion, is generally given in textbooks to 
discussion of basic facts, and formulas are developed and presented as if 
they may be relied on to give exact values, regardless of load and stress condi- 


tions. 


SUPERVISION ERRORS 


Any engineer who has had some experience on supervision, will appreciate 
the difficulty of this work. It is really surprising what strange interpreta- 
tions of fairly clear drawings may be made by men on the job. If the in- 
spector is inexperienced or lax, the reinforcing may be placed quite differently 
from what was intended. The writer has seen a picture taken on a defense 
project where the four column bars were placed in a bundle in the center of 
the column form, and the concrete then placed. Some years ago, when a 
building was demolished, the reinforcing in a beam was found to have been 
placed in the form bundled together, and even with the shipping tag left on. 
The writer once happened to inspect a dam project containing a fairly large 
spillway culvert. The resident engineer together with a second-year en- 
gineering student had decided that the designer had made a mistake, and had 
placed the reinforcing on the wrong sides in the wing retaining walls, and in 
the intake culvert. They changed the position of reinforcing in the retaining 
walls to the inside, and in the buried culvert to the outside, “to take care of 
the water pressure.”’ The footing slabs had been cast when the writer arrived, 
so it took some work to make corrections. 


FROST PROTECTION DEFICIENCY 


A few years ago, a rather large reinforced concrete building was designed 
by the writer’s firm, and successfully completed under our firm’s supervision. 
The owner had acquired right of property to the drawings, and proceeded 
to erect a similar building on fairly wet clay ground. Column footings were 
cast in the fall, and left more or less without frost protection. Work on the 
superstructure continued through the winter, but when the ground thawed 
next spring, some parts of the building settled up to 3 in. Frost had pene- 
trated under the footings, and lifted soine of them before the superstructure 
had been formed and concreted. 
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The writer thinks that it would be a great service to the engineering pro- 
fession if an engineer with such a long and extensive experience as the author’s, 
would write a book describing errors and failures of concrete structures. The 
author, in his paper has, in any case, given a valuable contribution within the 
limited space utilized. It is very useful for anybody, and especially for younger 
engineers, to know where trouble has been encountered, and where it may 
be expected to happen again. 
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By PAUL ROGERS* 


The author should be commended for his interesting and thorough dis- 
cussion of failures of concrete structures. As he pointed out, most of such 
failures escape publicity unless there is a loss of life or heavy material damage. 

The writer would like to describe, briefly, a few recent failures on which 
he was called as a consultant. The first case involved a new public school 
gymnasium. The roof framing was a reinforced concrete slab and beam system. 
The beams had 54-ft spans framing into deep, narrow spandrel beams. Al- 
though this structure was designed by a reputable structural engineer, an 
error entered into the computations so that less than one-third of the nec- 
essary reinforcement was provided. The error was discovered after the con- 
crete was cast, but the formwork was still in place. 

The writer recommended that Stressteel bars of adequate strength be 
applied along the stem of the beams. Holes were drilled through the spandrel 
girders and heavy steel plates resisted the anchorage pressures on the outside. 
The bars were tensioned to 100,000 psi. The final result was a partial pre- 
stressing system which allowed the mild steel reinforcement to be stressed 
up to 20,000 psi. 

Another case involved a canopy for a railroad siding, adjacent to a ware- 
house. The basic system consisted of 16-ft cantilever frames. The struc- 
ture was properly designed, and the bars were correctly detailed and fabri- 
cated. The engineer insisted that he be notified before the placing of concrete 
so that he could inspect the cantilever reinforcing. He was not notified, and 
later the cantilevers showed signs of definite tension failure, all of it at the 
end of the bars bent out from the column. After removing one of the canti- 
levers and finding the bars at the bottom instead of the top, it was revealed 
that the contractor had entrusted his superintendent to see that the bars were 


placed properly. The superintendent asked the foreman to supervise it, and 


*Member American Concrete Institute, Consulting Engineer, Chicago, Ill. 
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he, in turn, asked the iron setter. The iron setter decided that the engineer’s 
drawing was all wrong, and placed the cantilever bars on the bottom. The 
writer suggested a remedy similar to the case above. 

Still another case involved a new school. Although it was designed by a 
very competent architect who always employs a structural engineer for his 
larger projects, this structural system was developed by the architectural 
designers of the firm. It consisted of concrete block bearing walls, precast 
and prestressed joists, precast columns, and some cast-in-place beams and 
cantilever canopies. She members were well designed for flexure and shear, 
but the whole system was loose and unstable. Serious cracks and movements 
took place almost immediately after construction, and the writer had to 
recommend rather extensive remedies in order to salvage the structure. 

That strict field inspection is a “must” is manifested by the next case, which 
involved an expansion joint. This consisted of a heavily reinforced bracket 
upon which a long, heavy girder rested. After a rather sudden drop in tem- 
perature, half of this bracket literally sheared off. The writer insisted on 
the complete removal of this cracked portion, which revealed that the sep- 
arating beam seat was omitted, and almost full bond had developed between 
the bracket and the beam. The heavy cantilever bent bars were all grouped 
and ‘“‘wired” together at about 10 in. from the face of the bracket. The heavy 
horizontal closed ties slid down below the bracket, and the portion which 
cracked off was unreinforced concrete, incapable of resisting the tension 
and shear forces. In this case, the writer had to suggest a complex structural 
steel system to restore the capacity of the brackets. 

The last case concerns the collapse of the formwork for a large prestressed 
concrete water tank, with the loss of one life, and injuries to another worker. 
The writer, while serving as a member of the coroner’s jury, discovered that 
an engineering firm, which specializes in assisting smaller municipalities, 
had placed its engineering seal on drawings prepared by the contracting firm. 
Apart from the fact that this may be considered an unlawful procedure, it 
resulted in a split responsibility, followed by careless supervision, improper 
bracing, inadequate nailing, and, finally, collapse. 

The writer believes that engineers would do the public a great service by 
describing structural failures which come to their attention. 


By HENRY H. WERNER 


The author has presented an excellent survey of this delicate subject. His 
classifications, analysis, warnings, and advice are clear and well taken. After 
all, we learn a lot by failures, so much so, that testing to failure is a basic 
procedure used in our laboratories. Yet, no testing machine can reproduce 
all the variants which affect field work. Many failures cited in the early 
history of concrete construction, and publication of these failures, certainly 


did drive home a lesson or we would not have made such good progress in 


this field. 


*Member American Concrete Institute, Consulting Engineer, Long Island City, N. Y. 





1210 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE June 1958 


We now are entering a period when new materials, methods, shapes, etc., 
enter our construction field, and again a greater number of failures is being 
reported. The more and the sooner we learn from these, the better for all 
concerned. Unfortunately, we are only talking about the failures that ‘‘made 
the news.”’ It is this writer’s opinion that the great number of “‘small’’ failures, 
occurring continuously, add up to more loss than those that are publicized. 
The lessons to be learned from these innumerable mishaps are not studied and 
driven home, much to the loss of the industry. 

The first step should be a systematic collection of data on failures, i.e., 
disagreement with expected conditions as defined by the author. Now, this is 
quite a formidable and delicate task which could only be tackled by a neutral 
agency of greatest standing, having the support and confidence of the whole 
industry. Such agency would constantly contact all levels of concrete con- 
struction to reach the maximum number of cases and collect data. It should 
not take sides, publish names or cause expense or annoyance to anyone in- 
volved. 

The next step would be to analyze and classify the material along the lines so 
well presented by the author. Finally, this survey should be published 
periodically to reach all concerned. This may sound like an impossible under- 
taking, requiring a broad campaign to gain confidence and great perseverance 
to follow up. It will be hard to overcome the reluctance of anyone involved 
in a failure to divulge information to such a data-collecting agency. Yet, 
the results should be worth the effort. 

From my own experience I can say, that certain errors and failures could be 
avoided if instructions that came with a number of new construction ma- 
terials and methods would be clearer, even to the point of stressing a dangerous 
pitfall. Apparently some manufacturers prefer to camouflage a potential 
danger rather than expose it for the users’ benefit. It also is amazing that so 
many contractors and foremen have not yet understood the basic points to be 
observed when substituting reinforcing bars. Judging from experience, I 


would say that many of the so-called small failures and subsequently a num- 
ber of big ones, could be avoided if the lessons to be learned from them could 
be widely collected and widely circulated. 


AUTHOR'S CLOSURE 


The purpose of this paper was to bring attention to unwanted incidents 
that plague the construction industry, in all types of work. The attention 
which the paper received indicates that the seriousness of the problem is 
individually recognized. Pooling of such feeling to the extent that as far as 
possible, rapid exchange of experiences will be provided through such media 
as the ACI JourNAL can only result in the reduction of the number of re- 
petitive failure types. It is rather discouraging that since this paper was 
originally written, some 2 years ago, the reported new incidents have been 
so many, enough to write another paper. Hopefully, the real reason for this 
apparently large number of reported incidents may be the loss of reluctance 
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to report unfavorable action. During the past few days (March 1958) the 
press notes that for the first time in many years, the rate of traffic accidents 
is actually decreasing and credits the continual publicity of accidents as the 
major contributing factor to this decline. We all hope for a similar result 
from the publication of all construction accidents and failures. 

The men who discussed the paper are to be commended for writing so 
frankly of their own experiences. The almost unanimously favorable com- 
ments in the correspondence received are appreciated. 

Mr. Balog’s long experience in special types of structures is evident in his 
discussion pointing out that every small detail must be investigated and de- 


signed to be consistent with the assumptions of the design. The structure is 


not advised of the designer’s assumptions, so the assumptions must conform 
to a design that is buildable. It might be good for lecturers in design courses 
to ask the question: “‘Is your design buildable?’”’ Not in the sense of assem- 
bling an intricate mechanism, but in putting together a successive set of con- 
struction procedures, each with its necessary tolerances to compensate for 
less than perfect materials and possibly not the best of trained personnel. 

The example of the hingeless frame failure, could have been avoided if the 
necessity for lateral bracing were recognized for all compression members, 
whether horizontal portions of rigid frames or vertical columns. Lateral 
deflection of formwork is undoubtedly the basic cause of such failures as 
Mr. Balog recognizes. 

The writer agrees completely with Mr. Werner that it is not only an ad- 
vantage but a duty of the profession to leave a clear record of instruction of 
what not to do if successful designs are to be prepared. 

Mr. Rogers’ experiences in correcting errors discovered in partially com- 
pleted structures closely parallels that of the writer. A long span solid slab 
which showed too much deflection was corrected by introducing a cap slab, 4 
in. thick, after shoring the deflected span and wedging it upward, and adding 
high strength steel mesh welded to studs shot into the concrete over part of 
the deflected span and the complete (shorter) adjacent span. A considerable 
portion of the unwanted deflection was eliminated. The writer also had the 
experience of ordering a cantilever canopy removed and rebuilt with the 
tension rods placed on the top of the slab where the design drawings had 
properly shown them to be placed. In a large underground garage attached 
to an apartment house, the roof girders were shown to rest on brackets of the 
main building columns on sliding seats. In several locations, indiscriminately 
placed, the seat had not been smoothed and during the next winter, 
brackets cracked and pulled away. Repairs were made at a cost many times 
the small labor cost saved in the finishing. 

Mr. Gensert’s discussion, points to the fact that control of construction, 
especially of unusual designs, is an important function of the designers. The 
righting of the deflected structure described is a feat which can teach many 
lessons. It is hoped that Mr. Gensert will describe this fully for the benefit 
of the profession. 
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In reply to Mr. Rensaa, the writer believes that articles of this type are 
better than a book on the subject. The data can be presented more rapidly 
and to a larger reading audience. A book, like a code, becomes the last word 
on the subject; articles can follow each other as data becomes available and 
incorporate the experience of the several authors. It is strange how the 
repetition of code requirements in a few years becomes “recognized prac- 


tice’ even though the original material may have been a stop-gap to fill out 
the outline of the code contents, awaiting more complete investigation. The 
shear requirements mentioned by Mr. Rensaa are a case in point. 

Mr. Abdun-Nur seems to have had the same trouble with inspection as 
has been found by the writer. Expediency on the job often cuts into the 
factor of safety, usually not to the point of failure, but the margin is often 
very close. 

Mr. Polivka repeats some of the warnings heard in recent meetings dis- 
cussing prestressed concrete. To these, the writer would add the extreme 
hazard of frost cracking during winter grouting and the danger of expecting 
the concrete work in the usual congestion of bars and sheathes to closely 
follow the desires of the designer. The salesman may argue that prestressed 
concrete being always in compression cannot crack, but somehow the results 
contradict such an evident statement. Perhaps it may also be pertinent to 
quote the order reported to have been issued by General Goethals to his staff 
at the Panama Canal: ‘Make your instructions so clear that the meanest 
intellect can have no reason for miscomprehension.”’ 





Disc. 54-26 


Discussion of a paper by Tung Au: 


Ultimate Strength Design Charts for Columns 
Controlled by Tension*® 


By JACK MOYSE and AUTHOR 


By JACK MOYSETt 


I found it difficult to understand the advantage gained by use of the charts 
for rectangular columns with symmetrical reinforcement as the computation 
required to use the charts is even more than that required for a direct solution. 


For example, the formulas listed below will give a direct solution without 


P,, Pe ; 
Aw = - ale, ah t) 
fy ts | 0.850 f.’ 


PY 
0.85 f.’ [Aa fy te — 


recourse to charts. 


b= 


P 
t= ——— | 2’ + — 
Put Auf, 0.85b f.' 


Using Example 1, p. 479, with P,, = 300 kips, e’ = 15 in., f.’ 


= 3000 psi, 


f, = 40,000 psi, 6 = 16 in., ¢ = 20 in., and d’ = 2.5 in., t, = 15 in. 


P, 300 
ful 40X15 


Po, 300 


0.85) f. 085X16xX3 ° 


‘ 


(2e’ — t) = 30 — 20 = 10 


“ 


Ay = 144[7.35 + 10] = 8.68 sq in. 


Note that the result indicated a saving of 0.28 sq in. in reinforcement over 
results obtained from the chart. 


*ACI JourNnaL, Dec. 1957, Proc. V. 54, p. 471. Disc. 54-26 is a part of copyrighted JourNAL or THE AMERICAN 
Concrete Institute, V. 29, No. 12, June 1958, Proceedings V. 54. 
tMember American Concrete Institute, Bridge Engineer, Public Works Division, U. 8. Operations Mission to 


Cambodia, Phnom Penh, Cambodia. 
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AUTHOR'S CLOSURE 


Mr. Moyse has underlined the simplicity of the ultimate strength design 
method in his discussion. The point is well recognized and has been ably 
stressed by Ferguson® that for sections with symmetrical reinforcement, the 


solutions are so simple that design aids are hardly needed. There are others, 
however, who view the lengthy formulas with great distaste and may prefer 
design charts which have been made available. For instance, Mensch, who 
has contributed to the development of ultimate strength theory, remarked :° 
“Tt is more difficult to analyze the problem of an eccentrically loaded col- 
umn by the plastic theory than by the straight line theory; but not suffi- 
ciently so as to require 70 equations of distinguished lengths and doubtful 
validity as done by this [ACI-ASCE] report to justify equations [for eccentri- 
cally loaded columns].’”’ If the paper has not completely dispelled such skep- 
ticism, Mr. Moyse’s discussion certainly should remove the last doubt. 

In conclusion, the author thanks Mr. Moyse for the opportunity to em- 
phasize the simplification of design by ultimate strength method. 


REFERENCES 


5. Ferguson, P. M., “Simplification of Design by Ultimate Strength Procedures,’’ Pro- 
ceedings, ASCE, V. 82, No. ST4, July 1956, Paper No. 1022. 

6. Mensch, L. J., Discussion of ‘Report of ASCE-ACI Joint Committee on Ultimate 
Strength Design,’’ Proceedings, ASCE, V. 82, No. ST3, May 1956, Paper No. 972, p. 34. 





Disc. 54-29 


Discussion of a paper by Truman R. Jones, Jr., and Henson K. Stephenson: 


Proportioning, Control, and Field Practice for 
Lightweight Concrete™ 


By E. L. HOWARD? 


Messrs. Jones and Stephenson have covered the workability problem of light- 
weight concrete very well. At least, we have done and do the things they have 
found to be best practice. We can also concur with that section of the paper 
dealing with field practice. 

The authors say they have had difficulty making specific gravities. We use 
the pycnometer method with good results. We determine the saturated 
surface dry condition of fines by rolling the material in a dry glass jar. When 
the fines are surface dry they will not cling to the glass surface. 

We are sure the authors’ batch proportioning methods are far too compli- 
cated. A good workable mix can be made following the procedures offered by 
ACI Committee 613 in “Recommended Practice for Selecting Proportions for 
Concrete (ACI 613-54).’’ This proportioning system lends itself readily to field 
adjustments necessitated by changes in materials, yield, etc. This design 
method has been used on a dozen large jobs totaling about 40,000 cu yd. 
Data gathered from some of these jobs have been reported in the ACI JouRNAL 
“Letters from Readers” and/or “Concrete Briefs’ sections: (1) “Close Con- 
trol of 15,000 cu yd of Haydite Concrete for a 27-Story Building,” ACI 
JOURNAL, June 1955, Proc. V. 51, pp. 1061-1064; (2) “Inspection and Control 
of Haydite Concrete,’ ACI Journa, Oct. 1957, Proc. V. 54, pp. 357-359. 

*ACI JournaL, Dec. 1957, Proc. V. 54, p. 527. Dise. 54-29 is a part of copyrighted JouRNAL oF THE AMERICAN 


Concrete Instirute, V. 29, No. 12, June 1958, Proceedings V. 54 


tMember American Concrete Institute, Chief Testing Engineer, Pacific Cement & Aggregates, Inc., San Fran- 
cisco, Calif. 
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Contributions to the 
ACI! Journal 


Technical pages of the ACI JOURNAL offer a medium for 
reporting what is new and interesting in concrete research, 
design, construction, maintenance, or manufacturin< : 
I ' 


embers and JOURNAL readers are urged to share 
edge and experience by submitting papers and rep 
cation in the ACI JOURNAL. Time and changing interest 
that new contributors with new ideas take their place 
old. 


The Technical Activities Committee selects the papers, co 
mittee reports, discussions, and other contributions for JOURN 
publication. A volunteer corps of experts in various segn 
of the field assists in technical appraisal of the 
Technically speaking, acceptable contributions present ¢ 
material for improvement of design, manufacturing, or cons! 
confirm, revise, or upset established ideas or practices; o 
digest, or arrange accumulated experience for more ready use. 


Further questions raised by TAC: will the contribution fit into a 
balanced publication schedule? Can it be published at reason- 
able expense to the Institute? 


Contributors should furnish glossy prints or inked tracings of 
illustrations along with manuscripts submitted in triplicate for 
publication. Details of the form and physical arrangement of 
contributions are given in the 1957 ACI Directory p. 14. Sep- 
arate copies of this “publications policy’ are available free on 
request to the Secretary. 


Manuscripts of papers, discussions, and reports 
should be sent in triplicate to: 


Secretary, Technical Activities Committee 


AMERICAN CONCRETE INSTITUTE 
P. O. BOX 4754, REDFORD STATION, DETROIT 19, MICHIGAN 
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On the Cover—Sodium Reactor Ex- 
periment Plant built for the Atomic 
Energy Commission about 30 miles 
northwest of downtown Los Angeles 
by Atomics International, a division 
of North American Aviation, Inc. 
Dense concrete shielding surrounds the 
radioactive portions of nuclear power 
plant. Photo shows shields around the 
reactor and primary sodium system. 


New Standards 


Southern California Chapter 
Meeting 


Radiation Shielding 
Compilation 
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Clyde E. Kesler 


Paul J. Fluss 
Paul Klieger 
Andrew Gallia 


C. E. Lovewell and 
George W. Washa 


Earl B. Cohn and W. A. Wall 


A. M., Freudenthal and 
Frederic Roll 


Looking Ahead 

Honor Roll 

New Members 

Errata . 

Tools, Materials, Services 


List of Advertisers 





Bond ees 
Pavements... 
Floor and roof units 


New Standards 


ADOPTION OF NEW STANDARDS of 
recommended practice for the concrete 
try increases the current list of ACI standards 
to 14. Of the four standards adopted by the Ameri- 
can Concrete Institute at its 54th annual convention 
and ratified by letter ballot of the Institute member- 
ship June 1, 1958, two are new, and two are revisions 
of existing standards. ‘‘Test Procedure to Deter- 
telative Bond Value of Reinforcing Bars 
(ACI 208-58)’ was prepared by ACI Committee 
208 under the chairmanship of C. P. Siess, research 


indus- 


mine 


professor of civil engineering, University of Illinois, 
Urbana. “Recommended Practice for Design of 
Concrete Pavements (ACI 325-58)” 
ACI Committee 325, 
E. A. 
ratory, 


is the work of 
under the chairmanship of 
Finney, director, Highway Research Labo- 

Michigan State 


Highway Department, 


Lansing. 

The revised standard ‘Specifications for Con- 
crete Pavements and Concrete Bases (ACI 617-58),”’ 
developed by ACI Committee 617 under the chair- 
manship of H. F. 
Department of Highways, District of Columbia, 
Washington, D. C., the 1951 ACI 
standard on the same subject. ‘‘Minimum Stand- 
ard Requirements for Precast Concrete Floor and 
Units (ACI 711-58)” 1953 
counterpart. It was prepared by ACI Committee 
711, whose chairman is Leo M. Legatski, professor 


Clemmer, materials engineer, 


supersedes 


Loof supersedes its 


of civil engineering, Michigan, 
Ann Arbor. The four standards will be published 
in their entirety in the July issue of the JouRNAL. 


University of 


Determining bond value of reinforcing bars 


“Test Procedure to Determine Relative Bond 
Value of Reinforcing Bars (ACI 208-58),”’ provides 
a uniform basis for comparison of bond qualities 
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of different Prof. H. J. 
Gilkey, theoretical and applied mechanics 
department, Iowa State College, Ames, long 
active as chairman of Committee 208, de- 
serves recognition for his untiring efforts in 
the development of this standard. 

Published identically as information in 
1945, this test procedure had a 


reinforcing bars. 


thorough 
workout through its use in extensive testing 
programs culminating in the evolution of 
specifications covering 
requirements. This test method 
panion beam type specimens, cast horizontally 


minimum geometric 


uses com- 


in inverted and normal positions so that the 
effects of water gain and settlement of con- 
evaluation. The 
concrete surrounding the bars is in tension 


crete are included in the 


as bars are ordinarily used, which makes the 
Mini- 
mum criteria for acceptance are not included 


results more acceptable to some users. 


since the purpose is merely to establish rela- 
tive bond values for the different bars under 
consideration. 

Eleven drawings, full JouRNAL page size, 
detail the test 
Large blueprint copies of the drawings are 
available (22 x 35 in.) in complete sets at 
$36.00 per set from ACI headquarters. 


pre wedure and equipment. 


Two concrete pavement 
standards 
“Recommended 
Concrete Pavement (ACI 325-58)” based on 
practice proved successful in the United States, 


Practice for Design of 


presents recommendations for the design of 
rigid concrete pavements and bases. 

It offers comprehensive directions for de- 
sign of rigid airport and highway pavements 
traffic, 
available construction materials and equip- 


or bases for conditions of climate, 
ment, and construction methods of the United 
States. 
soil foundations, selection of slab dimensions, 


Included are recommendations for 


joints, and details for reinforced or non- 
reinforced pavement. Design practices of all 
principal state and federal agencies concerned 
with paving have been reviewed and correlated 
with the limits recommended. 

“Specifications for Concrete Pavements 
and Concrete Bases (ACI 617-58),”’ 
seding the 1951 ACI standard on the same 


super- 


subject, applies to construction of portland 
cement concrete pavements and bases under 
normal conditions for both highways and 


June 1958 


airports. Standards and specifications of 


several other organizations are incorporated 
by reference. 
and standards for 


Sources acceptance 


materials are given, as well as materials 
testing procedures and procedures for test 
of concrete strength to be used as a basis for 
proportioning of mixtures. Specifications for 
the materials and construction of soil founda- 
tions for concrete 


pavements and concrete 


bases are included. Provision is made for use 


of foundations stabilized by a cementing 
agent, but materials and construction of such 
are beyond scope of this specification. 

Materials, dimensions, setting, and removal 
of forms are treated. Construction methods 
are specified for forming joints, installation 
of joint seal and load transfer devices, and 
placing of reinforcement. Concrete propor- 
tioning based on design for minimum strength 
is covered in detail; proportioning based on 
fixed cement content is allowed. 

Other sections cover production of high- 
early-strength concrete and the handling and 
mixing of materials. Detailed requirements 
are given for placing, finishing, and curing of 
pavement finished 
pavement, opening it to traffic, and public use 


concrete. Protection of 
of thoroughfare during construction are also 
specified. 


Precast concrete floor and roof 
units 


“Minimum Standard Requirements for 
Precast Concrete Floor and Roof Units (ACI 
711-58)” prepared by ACI Committee 711, 
under the chairmanship of Leo M. Legatski, 
professor of civil engineering, University of 
Michigan, Ann Arbor, replaces ACI 711-53. 

These minimum standard requirements for 
single units or multiple element assemblies 
are meant to be used in conjunction with the 
ACI Building Code (ACI 318-56), which has 
been incorporated in many municipal building 
codes. The new standard on precast units 
covers materials; design principles; manufac- 
ture, including curing and handling; testing 
of completed units; installation plans; and 
special provisions for holes and openings in 
members. The design chapter treats such 
problems as dimensions, allowable deflection, 
structural topping, reinforcement 
anchorage and location, and use of lightweight 
concrete. 


concrete 





NEWS LETTER 


ACI’s Southern California Chapter Meets 


Leon Stein seated far left at speaker's table next to Samuel Hobbs. Charles Peterson 
is to the right of Mr. Hobbs 


rhe Southern California Chapter of ACI 
met April 24 in Los Angeles with a program 
planned to be of both 


outlining 


special interest to 


designers and construction men, 


research and field experience. Speakers for 
the evening included Leon Stein, senior struc- 
tural engineer and Charles Peterson, principal 
both of the 
State Division of Architecture. 


structural engineer, California 

Mr. Stein discussed design and research in 
relation to practice in prestressed concrete 
construction; Mr. Peterson reported on field 
experience and included in his remarks a 
discussion of such items as the effects of over- 
all shortening and the problems of deflection 
of slabs. 

Henry 
Angeles, is chairman of the Southern California 
Chapter Hobbs 


group 


M. Layne, structural engineer, Los 


Committee, and Samuel 


serves as secretary-treasurer of the 


ACI releases publication on con- 
crete for radiation shielding 

A compilation of papers previously pub- 
lished in the ACI 
concrete for shielding nuclear radiation and the 


JOURNAL on the use of 


determination of proportions and properties of 
various heavy concretes has just been released 
in the form of a 135-page book. 

The shielding of nuclear radiation is dis- 
cussed, with emphasis on factors related to 


concrete technology and cost. The tvpes ol 


radiation and mechanics of radiation shielding 
are presented briefly, and data regarding con- 
crete for shielding are reviewed 
thickness 
for both ordinary 


Tables and 


curves of concrete required for 


shielding are given and 


heavy concrete. Problems involved in the 
use of special concrete are discussed and an 
outline of procedure tor designing concrete 


shielding is presented. 


“Concrete for Radiation Shielding, Com- 
pilation No. 1’ contains the following papers: 
Radiation 
CALLAN 


“Concrete for Shielding,’ by 


Epwin J 
‘Absorption by Concrete of X-Rays and 
Gamma Rays,” by B. E. Foster 

‘Properties of High-Density Concrete Made 
with Iron Haroup 8. 
DAVIs, BROWNE, 


Aggregate,’ by 
FrepERIcCK L,. 
Harry C. WirtrerR 


and 


“Heavy Steel-Aggregate Concrete,’ by E. I. 
FIESENHEISER and B. A. Wasi. 
“Properties of Heavy Concrete Made with 
Barite Aggregates,’ by L. P. Wirre and 
J. KE. BacksTROM 
““Magnetite Iron Ore Concrete for Nuclear 
Shielding,’ by J. O. HENR1E 
‘“‘Proportioning of Mixes for Steel Coarse 
Aggregate and Limonite and 
Matrix Heavy Concretes,”’ by 
NARVER, JR. 


Magnetite 
Davin L. 


Institute members order the 
publication from ACI headquarters at $3.00 


per copy. Price to $4.00. 


may now 


nonmembers is 
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Technical Activities Committee 
Organized 1947 


The Technical Activities Committee is re- 
sponsible, under the Board of Direction, for 
technical publications, convention programs, 
and technical committee 
25, 1957 ACI Directory). Terms of members 
expire at the annual convention of the year 
indicated. The President of the Institute is 
a member during and by reason of his tenure 
of office; similarly the Secretary-Treasurer of 
the Institute is secretary of the committee. 


activities (see p. 


The chairman, president, and secretary con- 
stitute the committee’s executive group. 


Water J. McCoy (1959) Chairman 
Dovetas McHenry (Ex Officio) 
Wituiiam A. Mapves, Secretary 

G. E. Burnerrt (1960) 

E. A. Finney (1960) 

Crype E. Kesier (1959) 

BRYANT MATHER (1959) 

Micuae. V. Precnorr (1960) 
Lewis H. Turniuy (1959) 


Standards Committee 
Organized 1937 


The Standards Committee supervises the 
promulgation of standards according to rules 
adopted by the Board of Direction (see p. 25, 
1957 ACI Directory). 

FRANK Kerekes (1959) Chairman 
Dovuetas E. Parsons (1959) Vice-Chairman 
Witiram A. Map tes, Secretary 

Jor W. Ke try (1961) 

James A. McCarruy (1961) 

Dovetas McHenry (1960) 


Cuarves H. ScHover (1959) 
Cuarves 8. Wuitney (1960) 


Committee 115—Research 
Organized 1921 


Mission—This committee was organized to 
affiliate the interests of research workers and 
agencies in the field of concrete. Its assign- 
ment is to review and correlate research in 
concrete and reinforced concrete and to con- 


sider research methods and objectives. 


*Nonmember ACI. 
tCorporation Member. 
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ACI Technical Committees 


Committee Rosters as of May 1, 1958** 


Activities—A compilation of research proj- 
ects is prepared and distributed each year at 
the open session of the committee at the 
annual convention. 

The 1958 compilation is divided into three 
parts. The first lists 39 educational 
institutions that are carrying out concrete 


part 


research and gives the titles of the projects 
that are underway. 
similar 


The second part provides 
information for 42 noneducational 
organizations in the United States and foreign 


countries. In the third part the projects are 


classified under subject headings. 


Executive Group 


Georoe W. Wasna, Chairman 
University of Wisconsin 
RayMonp E. Davis, Vice-Chairman 
University of California 
StrepHen J. CHAMBERLIN, Secretary 
lowa State College 
Dove as E, Parsons 
National Bureau of Standards 
Cuester P. Stress 
University of Illinois 
Myron A. Swayze 
Lone Star Cement Corp. 
Lesuie P. Witte 
Bureau of Reclamation 
Huspert Woops 
Portland Cement Assn. 


Members 


HaRoLp ALLEN 

Bureau of Public Roads 
W. Mack AnGas 

Princeton University 
S. W. Benepict 

Master Builders Co. 
W. A. Corpon 

Utah State Agricultural College 
Ray B. Crepps 

Owens-Corning Fiberglas Corp 
Crayton M. Crosier 

University of Kansas 
Cuarves E. Cutts 

Michigan State University 
Wituiam J. ENney 

Lehigh University 
Georce C. Ernst 

University of Nebraska 
Pui M. Feravson 

University of Texas 
Benat F. FriserG 

Consulting Engineer 
W. E. Grsson* 

Kansas State Highway Comm.t 
Hereert J. GinKey 

Iowa State College 
Rosert J. HANSEN 

Massachusetts Institute of Technology 
Watpemar C. Hansen 

Universal Atlas Cement Co. 
C. O. Heatu* 

Oregon State College 


**The next complete committee roster will appear in the 1959 ACI DIRECTORY. 
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Rosert A. HecuTMAN 
University of Washington 
Joun G. Henprickson, Jr. 
American Concrete Pipe 
Frev Hupparp 
National Slag Assn 
F. N. Hveem 
California Division of Highways 
A. S. JANssEN* 
University of Idahot 
Grorce L. KALovusek 
Owens-Illinois Glass Co. 
Tuomas B. Kennepy 
Waterways Experiment Station 
GeraLp G. Kuno 
New York Universit) 
IAN LANGLANDS 
Commonwealth Scientific 
Organization, Australia 
Gerorce E. Laret 
Ohio State University 
Guy H. Larson 
Wisconsin State Highway ( 
Leo M. Leeartsk! 
University of Micl 
LINDSAY 
Illinois Division « 
Witiiram R. Lorman 
1. 8S. Naval Civil Engineer 
and Evaluation Laboratori 
D. R. MacPuerson 
Johns-Manville Corp. 
D. M. McCain 
Mississippi State College 
James A. McCarruy 
University of Not 
J.C. McCor 
Pittsburgh Coke 
Water J. McCoy 
Lehigh Portland Cement C« 
am W. McLavuGutin 


lighway 


Assn 


istrial Rese 


and Ind 


igan 
Ip 
f Highway 


re Dame 


and Chemical ¢ 


Wit 


Michigan State 
MILBRADT 
Illinois Institute of T« 


R. E. Mitus 
P 


K. P 


irdue Un 
Cari FE. Minor* 
Washington State Highway 
IsRAEL NARROW 
Ohio River Divisi 
Corps of Engineers 
Gene M. Norppy 
National Science Fo 
O. Nett OLson 
Marquette University 
Dan H. Pietra 
Virginia Polytechnic 
Cuesiey J. Posey 
State University of lowa 
Metvitie E. Prior 
Dewey and Almy Chemical Co 
James M. Rice 
National Crushed Stone 
Ross 
Hydro-Electric Power Comm 
RoweE..* 
Vermont State Highway Dept 
Rusie* 
Assn. of American Railroadst 
Epwin L. SAXER 
University of Toledo 
Cuarves H. ScHoLer 
Kansas State College 
W. R. Scuriever 
National Research Council 
Titto0N | 
Virginia 
tesearch 
F. O. SLATE 
Cornel!) University 
Tuomas E. STevson 
Carnegie Institute of Technology 


ersit. 
Dept 


yn Laboratories 


indatior 


Institu 


Assn 
H.C 
of Ontario 


R.I 
E. J 


of Canada 
SHELBURNE 
Council of 


Highway Investigation 


Toun H. SWANBERG 


Minnesota Dept. of Highways 


*Nonmember ACI 
tCorporation Member. 


arcl 


and 


D. V. Terrevi* 
University of 
r. W. Tuomas 
Unive of Minnesota 
Rvupoupnu C. VALore, JR 
Texas Industries, Inc. 
STANTON WALKER 
National Sand and Gravel 
National Ready Mixed 
Josern We!L* 


icky 


Kent 


rsity 


Assn 


oncrete 


and 


Assn 


University of Florida 
Harry A. WILLIAMS 

Stanford University 
T. F. Wiixiis* 

Missouri State Highway 
C. A. WiLLson 

American Iron and Steel Institute 
Rosert P. Wirt 

Oklahoma A & M College 
Kennetu B. Woops 

Purdue University 


Dept.t 


Committee 116—Nomenclature 
Organized 1957 


Vission 
maintaining an up-to-date glossary of terms in 
the 
The 


terminology 


Committee 116 is responsible for 


field of cement and concrete technology 


committee will recommend standard 


for materials, conditions, and 
practices for which there is now a confusion of 
terms. Liaison will be maintained with other 
organizations in more specialized segments of 
the field to assist in the determination of gen- 
erally accepted usage. As a standing mission, 
the committee will solve problems In terminol- 
ogy created by new developments for periodi: 
idditions to maintain the 


glossary current 


iciivities—lIt is the intention to develop as 


comprehensive a glossary as practicable, 
limited to terms used in the field of 


The 


terms in 


cement 


and concrete initial report may be 


restricted to common usage in- 
cluding those generally accepted and those 
Where 


the committee function is to 


for which usage varies a confusion 


in usage eXIsts, 


resolve it by recommending a rational defini- 


tion of, and distinction among, terms. Sub- 


sequent revisions of the report will include 
solution of problems in terminology for new 


developments to prevent any increase in 


contusion of terms Liaison with specialized 


organizations in the field will serve to define 
the scope of activity for Committee 116 and 
simultaneously to avoid conflict with recom- 


mendations developed by other organizations 


Ricuarp C. Mievenz, Chairman 
» Master Builders Co. 
\. AMIRIKIAN 
Bureau of Yards and Docks 
Detmar L. BLoem 
National Sand and Gravel 
National Ready 
H. F. CLEMMER 
Government of the District of Columbia 


Dept. of the Navy 
Assn 
Mixed Concrete 


and 
Assn 
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COLUMBIA CALCIUM CHLORIDE 


Columbia Calcium Chloride induces high early strength two to three times faster 


than you get with untreated ready mix. 


saves days on spring concrete schedules 


The bucket drops the first pour. Only 
trouble—the job is already five days 
behind schedule. How to make it up? 
Columbia Calcium Chloride. 

Ready mix treated with this all- 
weather set accelerator meets early 
strength specs a minimum of 50% faster. 
In general practice, normal three-day 
achieved within 24 


strength can be 


hours. The same ratio holds true for 
ultimate strength. 

It’s still the chilly night season. Ef- 
fective all through the year, Columbia 
Calcium Chloride has particularly bene- 
ficial effects below 70° in preventing 
lag in concrete set. You'll be able to 
finish earlier, pull forms faster, make up 
the days that may have been lost earlier. 

Wouldn’t it be a good idea to check 
your ready mix supplier today? He can 


add Columbia Calcium Chloride at his 
plant or right on your job site. 


Finishers get on and off without overtime. 


COLUMBIA-SOUTHERN 


CHEMICAL CORPORATION 

A Subsidiary of Pittsburgh Plate Glass Company 
DISTRICT OFFICES: Cincinnati, Charlotte, 
Chicago, Cleveland, Boston, New York, St. Louis, 
Minneapolis, New Orleans, Dallas, Houston, 
Pittsburgh, Philadelphia, San Francisco 

IN CANADA: Standard Chemical Limited 
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Wavrer H. Price 
Bureau of Reclamation 
HerMan G. Prorze 
Concrete Technologist 
MortToN SHERMAN 
Zonolite Co 
SIRRINE 
Concrete Products 
I. J. SPEYER 
Freyssinet Co., Inc. 
Lewis H. Tournin 
California State Dept. 
I. L. Tyver 
Portland Cement Assn 
{upoLtpen C. VaLore, Jr. 
Texas Industries, Ine 


Agricultural College 


IR 


Assn 


Assn. 


R.G 


ouncil of ¢ 


C.A 


Assn. of Michigan 


of Wate 


Committee 201-——Durability of Concrete 


in Service 
Organized 1957 


Mission 


search on durability of concrete and past and 


The committee is to review re- 
present recommendations to insure satisfac- 
torily durable concrete. It will report recom- 


mendations for materials and methods to 
secure concrete with maximum resistance to 
deterioration, to preserve concrete against 
deterioration, and to restore deteriorated con- 
crete. The report may consist of suggested 
specifications or recommended practices to 
achieve the above objectives under conditions 
of exposure to various agencies of deteriora- 


tion for common structures and pavements 


It has been suggested that the subject, 


durability, include resistance to abrasion, 


and thawing, ice removal 


with 


freezing agents 


combined freezing and thawing, and 
destructive (chemical) agents, but not erosion 
in hydraulic structures nor fire resistance. 
The report is not intended to present research 
results, which may be sufficient to justify a 
separate bibliography report. Discussion of 
research results leading to recommendations 
may precede recommendations if not avail- 


able in bibliography references. The scope 


will be limited to material suitable for specifi- 


cations or a basis for specifications; each 


division of the subject is to be treated indi- 
vidually in the most appropriate manner. 


Husert Woops, Chairman 
Portland Cement Assn 
Rosert F. Apams 
California State 
HAROLD ALLEN 
Bureau of Public 
Detmar L. BLoem 
National Ready Mixed Concrete 
National Sand and Gravel Assn 
Bruce E. Foster 
National Bureau of Standards 
FRANK H,. JACKSON 
Consulting Engineer 
Tuomas B. KENNEDY 
Waterways Experiment Station 
Donato W. Lewis 
National Slag 
Watrer J. McCoy 
Lehigh Portland Cement Co 
MIESENHELDER 
Assn. of American Railroads 
Wavrer H. Prict 
Bureau of Reclamation 
Cuarves H. ScHoLer 
Kansas State College 
BaiLey TREMPER 
California Division of Highways 
VELLINES 
Universal Atlas Cement Co 
CarRROL M. WAKEMAN 
Los Angeles Harbor Dept 


Dept. of Water Resources 


toads 


Assn and 


Assn 


P.D 


R. P 


Committee 207——Properties of Mass Concrete 
Organized 1930 


Vission—Committee 207 is responsible for 
reporting developments in mass concrete con- 
struction. One main objective is to consider 
and report on the long-time behavior of mass 


concrete structures in service. 


Activities 


structures is 


The inspection of mass concrete 
a continuing project, with a 
mass of data being compiled. It is expected 
that these data will prove useful in preparing 
au report on performance of Mass concrete. An 
attempt is being made to prepare an index on 
dams in which pertinent facts of construction 
methods, materials, exposures, performance, 
and other data would be 


The 


catalogued. 


committee sponsored a session on 


the St. Lawrence seaway and power projects 


at the 54th annual convention in 1958. 


I. L. Tyter, Chairman 
Portland Cement Assn. 
R. E. Puriieo, Secretary 
Portland Cement Assn 
Feperico BARONA DE La O 
Bureau of Hydraulic Resources, Mexico 
Rosert F. Buanks 
Great Western Aggregates Inc. 
Burks 
Dewey and Almy Chemical Co 
Rayrmonp E. Davis 
University of California 
Witiiam E. Parker 
lydro-Electric Power Comm 


8. D 


of Ontario 
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Cost trend is down with 
REINFORCED CONCRETE 


Another significant example of the trend toward reinforced concrete 
construction is the Morton Salt Building. The architects chose re- 
inforced concrete flat slab construction because of its lower cost, 
compared to other types of framing usually associated with office 
building as a type. As the architects point out, one of the factors 
in computing relative costs of construction is time; and avail- 
ability of materials is an important factor when starting times 
are considered. They stated that the relative availability of 
reinforcing steel permitted the job to get under way at the earliest 
possible date. Before you build, investigate this economical, 
flexible, and timesaving medium of construction. 


CONCRETE REINFORCING STEEL INSTITUTE 


38 S. Dearborn Street « Chicago 3, Illinois 


0G cat cmd aed 


orsb Lb) Uta hs ba ba Ba 
ee ea 


MORTON SALT BUILDING, 110 North Wacker Drive, Chicago 
Graham, Anderson, Probst and White, Architects-Engineers 


est al 


REINFORCED 
CONCRETE 
LOWERS 
COST 















































NEW 


Water H. Prict 

Bureau of Reclamation 
Jerome M. Rapnaet 

University of California 
J. LAGINHA SERAFIM 

Ministerio das Obras Publicas, Portugal 
Lewis H. Turui.i 

California State Dept. of Water Resources 
Wirttiam R. WauGu 

Office, Chief of Engineers Army 


Dept. of the 


Committee 208—Bond Stress 


Organized 1930 


Mission 


promotion ol 


This committee is assigned to the 
research and to the collection 
and interpretation of data from field and lab- 
oratory to determine proper working stresses 
for bond in relation to type ol bar employe d 
With 
regard to design matters the role of Com- 


in reinforced concrete construction. 


mittee 208 is purely advisory 


Activities 
committee during the 
ACI 
Determine Relative 
Bars (ACI 
published in the 


The principal activity of the 


past yeal related to 
Standard ‘Test Procedure to 
Bond Value of 


208-58 )”’ 


the new 
Rein- 
forcing which will be 

July JournaL. It was 
ACT Standard at the 54th 
and letter 


approved as an 


annual convention ratified by 


ballot. 


A subcommittee was appointed to work up 
a suggested program of research on bond, 
with special emphasis on splices, anchorages, 
cut-off 
well as the relation between bond and shear 


development length, and bars, as 


failure. Future work of the committee will 
depend in part on the report of this sub- 
also 1ocus 


committee. The committee will 


its attention on those 
bond that 


with ultimate strength design and, eventually, 


questions regarding 


must be answered in connection 


with limit design 


Cuester P. Sress, Chairman 
University of Illinois 
STerHEN J. CHAMBERLIN 
Iowa State College 
Puit M. Ferevson 
University of Texas 
W. H. Jacons 
Rail Steel Bar Assn. 
Raymonp C. Repst 
Consulting Engineer 
Davip WaATSTEIN 
National Bureau of Standards 
A.C. Weper 
Laclede Steel Co. 
C. A. WILLson 


American Iron and Steel Institute 


*Nonmember ACI 


| LETTER 11 


Committee 209—-Volume Changes and Plastic 
Flow in Concrete 


Organized 1930 
Vission The 


209 is to review critically 


assignment of Committee 
the available data 
on the factors affecting the magnitude of 
volume changes and plastic flow of concrete 
to suggest topics of needed research, and to 
stimulate the preparation of 
the available 


useful to the designers ol concrete structures. 


papers to in- 


terpret information in a form 


This committee was reorganized in 1946 to 
consolidate the previous assignments of Com- 
102, 


Committe 


Volume 
109, 


mittee Changes in Concrete, 
Plastic 


that time the advent of prestressed concrete 


and Flow. Since 


has introduced problems which were not 
anticipated in 1946, and the committee was 


again reorganized in 1953 


Leli ies 


ston on 


The committee sponsored a Ses- 


shrinkage of concrete at the 52nd 


annual convention in 1956. Five papers 


were published in the February 1957 Jot RNAL 


Committee members are actively engaged 


in research in this field with the view toward 
publication of data useful to the structural 
designer. 


A bibliography on “creep in con- 


crete” is also being prepared 


Wiiiiam R. Lorman, Chairman 
{ 3 ~ 


> 


S. Naval Civil Engineering Research 
and Evaluation Laboratories 
P. G. Fiuck 
University of Wisconsin 
ALFRED M. FReEUDENTHAL* 
Columbia University 
Criype E. Kester 
University of Illinois 
Dovetas McHenry 
Portland Cement Assn 
Doveras E. Parsons 
National Bureau of St 
Jerome M. Rapuari 
University of Califor 
ROBERT SAILER 
Bureau of Reclamation 
Cuarwes H. ScHOLER 
Kansas State College 
J. A. Sty 
American Encaustic 
J. Nerts THoMPson 
University of Texas 
Wituram R. Wavuer 
Office, Chief of Engineers 
C. A. WILLson 
American Iro 


Tiling ¢ 


Dept 


n and Steel Institute 


Committee 210—Resistance to Erosion in 
Hydraulic Structures 


Organized 1940 


Vission 1947, the 


mittee was given the assignment of studying 


Reorganized in com- 
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all types of erosion occurring in hydraulic 
structures. 

Activities—The committee report ‘‘Erosion 
Resistance of Concrete in Hydraulic Struc- 
tures’’ was published in the November 1955 
JOURNAL, Proc. V. 52, p. 259. The report is 
concerned mainly with the physical erosion 
of concrete in hydraulic structures resulting 
from particles carried by flowing water and 
from pitting resulting from cavities forming 
and collapsing in water flowing at high 
velocities. Disintegration of concrete by 
chemical attack is also discussed. Materials, 
mix proportions, and construction procedures 
which will make concrete more resistant to 
such erosion are covered. 

Donavp 8S. Water, Chairman 
Bureau of Reclamation 
Roy R. CLark 
Consultant 
Jacos J. CRESKOFF 
Thermo-Fluid Corp. 
Howarp F. Peckwortu 
American Concrete Pipe Assn. 
Wa ter H. Price 
Bureau of Reclamation 
A.M. Rawn* __ 
Sanitation Districts of Los Angeles County 
GrorG WaAsTLUND 
Swedish Cement and Concrete Institute 


Committee 212—Admixtures 
Organized 1943 


Mission—This committee studies, assem- 
bles, and reports information on the effect of 
various admixtures, including air-entraining 
agents, on the properties of concrete. An 
admixture is defined as ‘‘a material other than 
water, aggregates, and portland cement (in- 
cluding air-entraining portland cement and 
portland blast-furnace cement) that is used 
as an ingredient of concrete and is added to 
the batch immediately before or during its 
mixing.” 

Activities—The committee’s latest report, 
‘‘Admixtures for Concrete,’’ ACI JourRNAL, 
Oct. 1954, Proc. V. 51, p. 113, reported on the 
advantages and limitations of various types 
of admixtures. 

Bruce E. Foster, Chairman 
National Bureau of Standards 
Haro_p ALLEN 
Bureau of Public Roads 
C. R. BurRGENER 
Civil Engineer 
Joun G. Dempsey | 
Compania Anonima de Concreto, Venezuela 
D. F. Grirrin* ; ; : 
U. 8S. Naval Civil Engineering Research and 
Evaluation Laboratories 


*Nonmember ACI. 


June 1958 


Watpemar C. Hansen 

Universal Atlas Cement Co. 
FRANK H. Jackson 

Consulting Engineer 
Georce L. KaLousex 

Owens-Illinois Glass Co. 
ALEXANDER KLEIN 

University of California 
BRYANT MATHER 

Waterways Experiment Station 
Husert F. McDone.yi 

Florida State Road Dept. 
Ricuarp C. MigLenz 

Master Builders Co. 
Wiis T. Moran 

Riverside Cement Co. 
T. C. Powers 

Portland Cement Assn. 
MELVILLE E. Prior 

Dewey and Almy Chemical Co. 
Emit Scumip 

Sika Chemical Corp. 
M. Jack SNYDER 

Battelle Memorial Institute 
Byram W. STEELE 

Consulting Engineer 
Rupowues C. Vavore, Jr. 

Texas Industries, Inc. 
L. P. Witte 

Bureau of Reclamation 
T. V. Wooprorp 

Walter N. Handy Co.. Inc. 


Committee 213—Properties of Lightweight 
Aggregates and Lightweight Aggregate 
Concrete 


Organized 1946 


Mission—This committee’s assignment is 
to gather, correlate, and report available 
information on the properties of concrete 
made with mineral lightweight aggregates in 
the fields of monolithic structural concrete, 
precast concrete, and insulating and roof and 
floor fill concrete. A secondary mission of the 
committee is to report on design and con- 
struction practices in the field of lightweight 
concretes. 

Activities—There are three subcommittees 
working on various phases of this assignment: 
(1) structural lightweight concrete; (2) light- 
weight concrete masonry; and (3) insulating 
concrete. 

The committee also sponsored a sym- 
posium on lightweight aggregates and light- 
weight concrete at the 1955 ACI convention. 
The four published in the 
October and November 1956 JourNALs (Proc. 
V. 53). 

J. Nerts Tuompson, Chairman 
University of Texas 
Irwin A. BENJAMIN 
Granco Steel Products Co. 
Rosert F. Banks 
Great Western Aggregates, Inc. 
J. Joun Brovuk ; 
Precast Slab and Tile Co. 
Frank B. Brown ; 
Wire Reinforcement Institute, Inc 


Currtron C. CARLSON 
Portland Cement Assn. 


reports were 





R. New Curisty 

Marietta Concrete Corp. 
Rosert K. Dugy 

Consulting Engineer 
FRANK G. ERSKINE 

Expanded Shale, Clay, and Slate Institute 
Orro C. Fret 

Georgia Lightweight Aggregate Co. 
Truman R. Jones, Jr. 

Texas A & M College 
H. I. King 

Cooksville Co., Ltd., Canada 
ALEXANDER KLEIN 

University of California 
Ratpu W. Kivae 

University of Florida 
Joun A. MuRLIN 

Murlin Engineering 
Kart NENSEWITZ 

Besser Co. 
Orro Osuipa* 

Great Lakes Carbon Co.t 
Lucas E. PreirrenseERGER 

Expanded Clay and Shale Assn. 
Morton SHERMAN 

Zonolite Co. 
A. G. STREBLOW 

Basalt Rock Co., Inc. 
Rvupotpn C. VaLore, Jr. 

Texas Industries, Inc. 
Georce W. Wassa 

University of Wisconsin 
H. T. WitiiamMs 

Standard Slag Co. 
Crepric WILLSON 

Texas Industries, Inc. 
Pau, M. Woopwortn* 

Waylite Co. 
D. O. Woo.r 

Bureau of Public Roads 


Committee 214—Evaluation of Results of 
Strength Tests of Concrete 


Organized 1946 


Mission—The committee’s assignment is to 
analyze the variations which occur in the 
strength of concrete, to present tools of 
statistics which are useful in interpretation of 
these variations, and to discuss measures of 
reliability which can be used in establishing 
and design criteria for the 
strength of concrete. 


specifications 


Activities—This committee produced the 
ACI Standard “Recommended Practice for 
Evaluation of Compression Test Results of 
Field Concrete (ACI 214-57),”’ which 
published in the July 1957 Journat, Proc. 
V. 54, p. 1. 


was 


W. A. Corpon, Chairman 
Utah State Agricultural College 
Epwarp A. Aspun-Nur 
Consulting Engineer 
Detmar L. BLoem 
National Sand and Gravel Assn. and 
National Ready Mixed Concrete Assn. 
E.woop H. Brown 
University of California 


*Nonmember ACI. 
tCorporation Member. 


LETTER 


T. G. CLENDENNING 
Hydro-Electric Power Comm. of Ontario 
Hersert K. Coox 
Master Builders Co. 
Lovts A. Dan 
Portland Cement Assn. 
R. J. Evrert 
Bureau of Reclamation 
J. A. Kaver 
Huron Portland Cement Co. 
Tuomas B. Kennepy 
Waterways Experiment Station 
J. D. Linpsay 
Illinois Highway Dept. 
Epmunp A. Pratt 
Consulting Engineer 
Horace A. Pratr 
University of Maine 
V. D. Skipper 
MacDougald-Warren, Inc. 
CHARLES 8S. WHITNEY 
Ammann and Whitney 


Committee 215—Fatigue of Concrete 
Organized 1947 


Mission—The assignment of this committee 

is threefold: (1) to review the available data 
on the behavior of plain and reinforced con- 
crete under repeated loading, and to prepare a 
report on the present state of knowledge in 
the field; (2) to consider the implications of 
this knowledge in the design of members and 
structures of plain and reinforced concrete; 
and (3) to determine the gaps in our knowl- 
edge, and to recommend and encourage 
research which will provide the information 
to fill these gaps. 
-A final draft of an annotated 
bibliography on fatigue of concrete is in 
preparation with a view toward publication 
in the near future. 


Activities 


The committee also sponsored a session 
on fatigue of concrete at the 54th annual 
convention. 


Gene M. Norpsy, Chairman 

National Science Foundation 
W. Epwarp Brapsury 

Armco Steel Corp. 
Frep BurGcGraF 

Highway Research Board 
Cuarves E. Curts 

Michigan State University 
Cari E. Exsere, Jr. 

Lehigh University 
Criyve E. Kester 

University of Illinois 
Joun T. McCarty 

Michigan State University 
Joun F. McLavauuin 

Purdue University 
James MICHALOS 

New York University 
Josern PENZIEN 

University of California 
Cuarves H. ScHo_ter 

Kansas State College 
Tuomas E. Stetson 

Carnegie Institute of Technology 





Plastiment concrete in 7 foot deep beams 


is being revibrated before deck is placed. 


PLASTIMENT 
CONCRETE 
DENSIFIER 
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FOR PHILADELPHIA’S 
GORGAS LANE BRIDGE 
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This unusual monolithic prestressed beam and slab design resulted 








from alternate bids permitted by Philadelphia’s progressive Depart- 
I I | I 
ment of Streets* . . . Savings of more than 20% over conventional 


steel design were passed on to the taxpayers 

Each 120 ft. long span, 34 ft. wide; including two traffic lanes, 
sidewalk, and half of the center median strip was con reted in one 
continuous 260-yard operation . . . Since 8-10 hours elapsed during 
placement, Plastiment was specified to control initial set. Plastiment 
provided these additional benefits: better compaction, greater density, 
and faster development of stressing strength. 

Your clients will benefit from the better structural quality of 
Plastiment concrete . . 


Write for Bulletin PCD. 


. Specify Plastiment for your next job... 


AD 26-7 





*Dovid M. Smallwood, Street C 
Noel W. Willis, Chief Bridge Engineer 


The Prelood Company, Inc., New York City —Consulting Engineers 
The Conduit & Foundation C Philod. 


SIKA CHEMICAL CORPORATION 


PASSAIC, NEW JERSEY 


DISTRICT OFFICES: BOSTON * CHICAGO + DALLAS 
* DETROIT + PHILADELPHIA + PITTSBURGH 
* SALT LAKE CITY * WASHINGTON + DEALERS IN 
PRINCIPAL CITIES—AFFILIATES AROUND THE WORLD 





— Contractor 
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Committee 216 — Fireproofing or Fire 
Protection of Structures 


Organized 1955 


Vission—This committee will study avail- 


able data with a view to recommending 


proper ratings in 


make 


line with ratings given structures of other 


concrete structures to 


them more consistent and more in 


materials. 


CLiIvTON ©, CARLSON, Chairman 
Portland Cement Assn 
Inwin A. BENJAMIN 
Granco Steel Products Co 
E. W. Fow.Ler* 
National Board of Fire Underwriters 
Joun J. Hogan 
Portland Cement Assn 
MoraGan B. Kiock 
Eastman Kodak Co 
Water J. McCoy 
Lehigh Portland Cement Co 
kK. H. PRaeGer 
Praeger-Kavanagh 
4. F. Roperrson* 
National Bureau of Standards 
Grorce E. Troxent 
University of California 
H. B. Zackrison, Sr.* 
Office, Chief of Engineers, Dept. of the 


Engineers 


Army 


Committee 312—Plain and Reinforced 
Concrete Arches 


Organized 1930 


Mission—The original mission was to re- 


view and correlate all information on arch 


design. This mission was later modified to 


include the preparation of a recommended 


practice or design manual 
Activities 
three reports in the ACT JourRNAL on rein- 


This committee has published 


forced concrete arch design—correlating much 


that has been learned of the influence of dead 


and live loads, and volume changes due to 


shrinkage, plastic flow, and temperature 


change. The most recent report, May 1951 


JOURNAL, presented a general design method, 


and a final report is in preparation including 


application of the ultimate strength method 
of design and the latest recommendations on 


volume change. (The previous two reports 


appeared in the March 1932 and September 
1940 JOURNALS. ) 


Boyp G. AnpeRson, Chairman 
Ammann and Whitney 
W. 8. Corrinauam 
University of Wisconsin 
L. Erickson* 
Bureau of Public Roads 


*Nonmember ACI 
tCorporation Member 


James MIcHALos 
New York University 
Crypve T. Morris 
Ohio State University 
Ek. J. Rus_e* 
Assn. of American Railroadst 
J.C. Runpierr* 
Massachusetts State Highway Dept 
CHARLES S. WuItNEyY 
Ammann and Whitney 


Committee 314 — Rigid Frames for Buildings 
and Bridges 


Organized 1935 


Vission 


is to study reinforced concrete and prestressed 


The assignment of this committce 
concrete rigid frames with particular refer- 
ence to various loadings and the effects of 
shrinkage, 
Included 


in this scope of the work are theoretical and 


volume changes resulting from 


creep, and temperature change 
experimental research, and investigation of 


actual bridges and building frames 


and the 
Rigid Frame 


\ctivities—The change in scope 
change in committee title from 
to “Rigid Frames for Buildings and 

approved by the Board ol 
Nov. 1957. Work during the 
past vear has been on a 1/10-scale 


concrete model of an existing skewed rigid 


Bridges” 
Bridges” was 
Direction in 


reinforced 


frame bridge and the development of a mathe- 
matical analysis for such structures. Previous 
work of dealt 


with tests on model beams and cylinders, on 


Committee 314 has mainly 


an aluminum model of a skewed-slab rigid 
frame bridge, and on a Ye-seale model of a 


skewed 
1 


slab geometrically similar to the 


o-scale model tested previously at the 
University of Illinois \ this 
research, ‘‘Model Analysis of a Skewed Rigid 
Frame Bridge and Slab,’ by D. H. Pletta 
and Dan Frederick, was published in the 
ACI] Journa, Nov. 1954, Proc. V 217 


51, p. 421i 


report on 


James Micuacos, Chairman 

New York University 
CHARLES BIRNSTIEL, Secretary 

New York University 
4. AMIRIKIAN 

Bureau of Yards and Docks 
FRANK BARON 

University of California 
Mitton BruMER 

Ammann and Whitney 
Ricuarp C, Evstner 

Portland Cement Assn 
DANIEL FREDERICK 

Virginia Polytechnic Institut 
Leonarp C. Houutster 

California Division of Highways 
Georoe J. Kexekes 

Bechtel Corp 
NARBEY KHACHATURIAN 

University of Illinois 
Tr. Y. Lin 


University of California 


Dept 


of the Navy 
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Dovetas McHenry 
Portland Cement Assn. 
Aurrep L. ParME 
Portland Cement Assn. 
Dan H. Pierra 
Virginia Polytechnic Institute 
ANTON TEDESKO 
Roberts and Schaefer Co. 
H. B. Zackrison, Sr. 
Office, Chief of Engineers, Dept. of the Army 


Committee 315—Detailing Reinforced 
Concrete Structures 


Organized 1936 


Mission—The committee’s assignment is to 
prepare a report on detailing of reinforced 
concrete structures. 

Activities—-Manual of Standard Practice for 
Detailing Reinforced Concrete Structures (ACI 
315-57) was published in 1957. 

The manual presents recommended meth- 
ods and standards for preparing drawings for 
the fabrication and placing of reinforcing 
steel in reinforced concrete structures. The 
previous ACI Standards ACI 315-51 (detail- 
ing of building structures) and ACI 315A-53 
(detailing of highway structures) have been 
combined manual. Typical engi- 
neering drawings (and, for buildings, placing 
drawings as well) illustrate the use of the 
standards. 


into one 


There is also a chapter of in- 
structions to designers. 


James N. De Serio, Chairman 
Consulting Engineer 
RAYMOND ARCHIBALD 
J. E. Greiner Co. 
FRANK H. BEINHAUER 
J. L. Simmons Co., Inc. 
M. D. Bropy* 
Bethlehem Steel Co., Inc.t 
DuaGautp J. CAMERON 
Fireproof Products Co., Inc 
A. G. Casto 
Truscon Steel Co. 
Dwayne M. Curyst 
Hausman Steel Co. 
Lynn H. Hencn 
Office, Chief of Engineers, Dept. of the Army 
D. E. Hoerre.* 
Portland Cement Assn. 
Joun M. Kerr* 
Veterans Administration 
Cuarves J. Kunn* 
Kuhn Construction Co. 
S. B. Larsen* 
Bureau of Public Roads 
Tuomas R. LEONHARDT 
Raymond C. Reese, Consulting Engineer 
Henry L. Neve 
Tippets-Abbett-MeCarthy-Stratton 
Pau W. Norton 
Consulting Engineer 
Ezra G. OpLey 
Bureau of Yards and Docks, Dept. of the Navy 
Frep L. PLUMMER* 
American Welding Society 
FRANK A. RANDALL 
Portland Cement Assn. 
Rayrmonp C. Reese 
Consulting Engineer 


*Nonmember ACI. 
tCorporation Member. 


June 1958 


E. E. Rippstetn* 

Laclede Steel Co.t 
Joun F. SEIFRIED 

Ceco Steel Products Corp. 
ANTON TEDESKO 

Roberts and Schaefer Co 
Howarp M. ZimMERMAN 

General Services Administration 


Committee 317—Reinforced Concrete Design 


Handbook 
Organized 1939 


Mission—Committee 317 was reactivated 
in 1953 for the purpose of bringing up to date 
the ACI special publication Reinforced Con- 
crete Design Handbook published in 1939. 

The revised the 
handbook to conform with latest codes and 


Activities committee 


practice; the second edition was made avail- 
able late in 1955. 


Tuor Germunpsson, Chairman 
Portland Cement Assn. 
Witiiam H. Armsrrona 
Consulting Engineer 
FRANK BARON 
University of California 
W. E. Buessey 
Tulane University 
H. C. Devzeut 
Concrete Reinforcing Steel Institute 
J. W. Dunnam*® 
General Services Administration 
Harry EvLLsBerG 
Giffels and Rossetti 
O. W. Irwin 
Rail Steel Bar Assn 
Orvey O. PHILuirs 
Phillips-Carter-Osborn, Inc 


Committee 318—Standard Building Code 
Organized 1929 


Mission—The committee’s assignment is to 
review periodically and up-date the Insti- 
tute’s ‘Building Code 
Reinforced Concrete.”’ 
The latest edition, ACI 318-56, 
was adopted at the 1956 annual convention 
and ratified by letter ballot. It was pub- 
lished in the May 1956 ACI JourNnat (Proc. 
V. 52). 

The 1957 work of the 
devoted to two items: (1) The preparation 


Requirements for 


Activities 


committee was 
of a question-and-answer paper explaining 
application of the appendix on ultimate 
strength design in ACI 318-56 (ACI JourNat, 
Sept. 1957, Proc. V. 54, p. 197). “Review 
of Changes in the ACI Building Code Re- 
quirements for Reinforced Concrete,’ by 
Frank Kerekes, formerly committee chairman, 
preceded the committee report in the Sept- 
ember 1957 JouRNAL. (2) 
program for the next revision, including the 
creation of 15 subcommittees. 


Developing a 
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The committee will continue its standing 
assignment to improve the Code and provide 
safe minimum requirements for application 
of new methods of analysis, design, or con- 
struction and use of new materials. 


Raymonp C. Reese, Chairman 
Consulting Engineer 
Joun P. THompson, Secretary 
Portland Cement Assn 
C. E. Becker 
Consulting Engineer 
FRANK H. BEINHAUER 
J. L. Simmons Co., 
Detmar L. BLoem 
National Sand and Gravel Assn. and 
National Ready Mixed Concrete Assn. 
FraNK B. Brown 
Wire Reinforcement Institute 
F. CoLirer 
Westcott and Mapes 
Joseru Dr Strasio 
Di Stasio and Van Buren 
Matcoitm 8. Doveas 
Cleveland Board of Building Standards 
and Building Appeals 
A. Epsrein 
A. Epstein and Sons 
Put M. Fereuson 
University of Texas 
E. I. FirseNnuEISER 
Illinois Institute of Technology 
TuHor GERMUNDSSON 
Portland Cement 
E1vinp HoGNestap 
Portland Cement 
Harry F. Irwin 
Warner Co 
Rosert O. JAMESON 
Thomas, Jameson and Merrill 
Rosert C. Jounson 
Siesel Construction Co 
Ourver G. JULIAN 
Jackson and Moreland 
FRANK KEREKES 
Michigan College of Mining and Technology 
Greorce E. Larae 
Ohio State University 
Nouan D. Mircneci 
National Bureau of Standards 
NATHAN M. NewMARK 
University of Illinois 
Dovetas E. Parsons 
National Bureau of Standards 
Ortey O. PHitires 
Phillips-Carter-Osborn 
Tueopore O. ReEYHNER 
Chico State College 
Paut Rogers 
Paul Rogers and 
ROBERT SaILer 
Bureau of Reclamation 
CuHesTerR P. Stress 
University of Illinois 
Howarp Simpson 
Massachusetts Institute of Technology 
L. C. UrqUHART 
Porter, Urquhart, MeCreary, and O'Brien 
A. Cart WEBER 
Laclede Steel Co. 
C. H. Westcort 
Westcott Engineering Co. 
Water H. WHEELER 
Consulting Engineer 
CHaRLes 8S. WHITNEY 
Ammann and Whitney 
C. A. WILison 
American Iron and Steel Institute 
GeorGe WINTER 
Cornell University 
H. B. Zackrison, Sr.* 
Office, Chief of Engineers, Dept. of the Army 


Inc 


Ine 


Inc. 


Assn 


Assn 


Ine 


Associates 


*Nonmember ACI. 
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Committee 319—Recommended Practice for 
Use of Metal Supports for Reinforcement 


Organized 1930 
Discharged 1942 


The this committee, ‘‘Recom- 
mended Practice for Use of Metal Supports 
{einforcement (ACI 319-42),”’ (June 1945 
ACI 


The current material 


report ol 
for 

ACI 
standard Oct 
contained in 
ACI 315-57. 


JOURNAL) an 
30, 


the 


was dropped as 
1955 
report is by 


now coy ered 


Committee 320-—Safe Loading for Existing 
Concrete Bridges 


Organized 1940 
Discharged 1948 


Loads 
by F. W 
JOURNAL, 


Committee issued a report, ‘Safe 


Bridge,” 
ACI 


for Existing Concrete 


Panhorst, author-chairman, 


January 1943 


Committee 321-—Design of Reinforced 
Concrete Slabs——Joint ACI-ASCE 


Organized 1941 
Mission—This committee, 
ACI-ASCE endeavor 
assigned the problem of analysis and design 


joined as an 


in February, 1953, is 


of bridge and building slabs. 


Activities—The immediate objective is the 


problem of floor slabs in buildings, including 


the effect of openings and concentrated load- 
ings. The committee is making a study of 
accurate solutions of the problem that have 
been developed in recent vears, as well as of 
experimental data that have been made avail- 
able; this with 
the adequacy of current and proposed ap- 


a view toward investigating 


proximate methods of design. 


Recent activity has been the preparation 
of a research program on the relative strength 
and behavior of different types of floor slab 
construction. 


Cuester P. Stress, Chairman 
University of Illinois 
Josgnru H. AppLeron 
Alabama Cement Tile Co 
Leo H. Cornine 
Portland Cement 
Josepn Di Strasto 
Di Stasio and Van Buren 
Ouiver G, JULIAN 
Jackson and Moreland 


Assn. 
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Jacos Karo.* 

loward, Needles, Tammen, and Bergendoff 
ALAN H. Marrock 

Portland Cement Assn 
NatTHaN M. NEwWMARK 

University of Illinois 
Dan H. Pierra 

Virginia Polytechnic Institute 
Tuomas V. Pout 

Professional Engineer 
C. A. WILLson 

American Iron and Steel Institute 


Committee 322——Design of Structural Plain 
Concrete 


Organized 19492 


1942 
report of the original committee, revise it, 
and expand it 


Mission—Committee will review the 
as necessary to provide a 
complete recommendation for the design of 
common unreinforced concrete applications. 
The ultimate objective is to develop a standard 
to supplement the “Building Code Require- 
ments for Reinforced Concrete.”’ 


1957, the 


posed committee recommendations will in- 


Activities—Reactivated in pro- 
clude all subjects covered in the original re- 
port, “Proposed Recommended Stresses for 
Unreinforced Concrete,’ ACI JouRNAL, Nov. 
1942, Proc. V. 39. 
include as new sections, design requirements 


It may be expanded to 


for plain concrete walls, plain concrete under- 
ground structures, basements, and thin pre- 
cast elements, and to provide more completely 
allowable loads for unreinforced piers, and 
temperature and shrinkage reinforcement re- 
quired for thick slabs, thick walls, and slabs 
on ground. 


tocers, Chairman 
Paul Rogers and Associates 


PAUL 


CLAYTON M. CrosieR 

University of Kansas 
Fritz KRaMRISCH 

Albert Kahn Associated Architects 

and Engineers, Inc. 
A. S. Neman 

Engineering Division, U. 8. 
B, Nerupsky 

Structural Engineer, Canada 
LeRoy T. OfHLeR 

Michigan State Highway Dept. 
Kari Roesser 

Portland Cement Assn. 
Rosert 8. Rowe 

Duke University 


Air Force 


R. C. SANDBERG 
Architect and Engineer 
CHARLES TOWNSEND 
Bureau of Reclamation 
Freperick P. WipsinceR 
University of Illinois 
T. E. H. Witiiams 
University of Durham, England 


*Nonmember ACI. 
tCorporation Member. 


June 1958 


Committee 323—Prestressed Reinforced 
Concrete— Joint ACI-ASCE 


Organized 19492 


Mission—This committee was assigned to 
review present knowledge of prestressed con- 
crete, to develop design procedure, and to 
recommend needed research. 

Aclivities 
ASCE 
mendations for 


ACI- 


“Tentative Recom- 


teorganized as a 


1952 


joint 
group in 
Concrete’”’ 
1958 
It constitutes a recommended practice, not 


Prestressed was 


published in the January JOURNAL. 


a building code or specification. It is confined 
members involving 


Most of 
flexural 


in scope to structural 


linear prestressing the recommend- 


ations relate to members and are 


intended to apply to both buildings and 


bridges. 
collected a bibli- 
ography consisting of over 2100 references, 
published from 1896 into 1955 


A subcommittee has 


\ separate 
The second edition of 
Bibliography on Prestressed 
published by ACI in 1955. 


section lists patents. 
Concrele was 

A subcommittee reviewed the patent situa- 
tion on prestressed concrete, and prepared a 
felating to Pre- 
stressed Concrete,’’ ACI JourRNAL, May 1950. 


paper, ‘Patents and Codes 


A subcommittee prepared a set of defini- 
tions and notations, 
Notations for Prestressed 


ACI JouRNAL, October 1952. 


“Proposed Definitions 


and Concrete,” 


The committee also sponsored a session at 


the 52nd annual convention in 1956 and the 


53rd annual convention in 1957 


Tror GERMUNDSSON, Chairman 
Portland Cement Assn 
Ek. L. Erickxson*. Vice-Chairman 
Bureau of Public Roads 
W. Burr Bennett, Jr., Secretary 
Portland Cement Assn 
Pau. W. ABELES 
Consulting Engineer 
A. AMIRIKIAN 
Bureau of Yards and Docks, Dept. of the Navy 
RaymMonpb ArcuiIBALp (ASCE 
J, KE. Greiner Co. 
Watrer E. Buessey 
Tulane University 
Witiram Dean* 
Florida Highway Dept 
Curzon Dopetu 
Preload Enterprises, Inc. 
Harry H. Epwarps 
Leap Concrete, Inc. 
W. O. Everuina* 
American Steel & Wire Co.t 
EUGENE FREYSSINET 
Societe Technique pour |'Utilisation de la 
Precontrainte, France 
Artuur W. Hitt 
Cement and Concrete Assn., 
Luoyp E. Hi 
Joby A, Roebling’s Sons Corp 


England 


England 
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FIELD PROVEN ECONOMY 


in all phases of Concrete Placement! 


PDA increases strength at any age through water reduction and 
cement dispersion, aap all the desirable characteristics of 
concrete, giving a “live” concrete with protection against “hot 
weather" slump loss and segregation—allows the placing of con- 
trolled durable air entrained concrete without plastic shrinkage 
cracks. PDA is a selective initial retarder—retarding only the initial 
set of concrete for extended vibration and finishing time (not 
delaying form stripping time) YET it gives no retardation in winter 
concreting — thus year around benefits are obtained with “all 
season” PDA. 
PDA ... packaged in a durable bag . . . comes to 
noe “piping ee ee os oe — Proven in the field . . . PDA insures the successful 
able upon request. _ ¥ and economical placement of better quality 
concrete! 
Dependable—YES! Proof positive from Govern- 
ment and privote projects. Also bocked by the 
world-known and world-respected PROTEX name! 
Adaptable to any need... PDA improves any 
Pre-stressed, Slip-form, Light-weight, Tunnel- 
lining, Tilt-up or Lift-slab concrete project! 
PDA's basic material is purified and desugared 
having been field tested and proven over past 
years giving you all the well known benefits — 
greatest woter reduction — cement dispersion — 
maximum workability and durability — plus 
PROTEX economy and reliability. 





FOR BETTER AND MORE ECONOMICAL PLACEMENT OF CONCRETE, 
SPECIFY AND USE PDA... FROM THE MAKERS OF PROTEX! 


Please send new, informative FREE booklet “PDA - Protex 
This ts the Breed Plant of the Indiano-Michigan Electric Ctepering Ageat 
Company at Sullivan, Indiana, where over 55,000 cu 


yds of concrete with PDA are being successfully placed. en fo. 


Attention of 
EEE 


a ————— 
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Pe Voids = °*°- 


:  inconcrete bridgedeck 
"+. eliminate dead weight! , .- 


: 


Sante Fe Railroad Bridge, Los Angeles, Cal. George 
S. lwanaga and Murray Brill, L.A. County Bridge 
Dept., designers. Otis B. Pierson Construction Co., 
contractors. 


SONOCO 
SONOVOID!] FIBRE TUBES 


Built to carry five railroad tracks, this 76'6” wide, two-span structure is on a 15° 
skew. The reinforced concrete, cast-in-place bridge deck is 4’ thick and contains 
hollows formed by 36” O.D. SONOVOID Fibre Tubes spaced 54” on center. 
Sonoco SONOVOID Fibre Tubes have been specifically developed for use in 
bridge decks, either cast-in-place or prestressed precast units and in wall, floor, 
roof and lift slabs .. . also in concrete piles. 


Reduce weight in concrete construction...use low-cost SONOVOID Fibre Tubes to 
displace low-working concrete at the neutral axis...and save materials and money! 


In sizes from 2.25” to 36.9” O.D. up to 48’ long. End closures available. Order in 
specified lengths or saw to your requirements on the job. 














For complete information and prices, wri 
* HARTSVILLE, S. C. plete inp ‘ pes ee 
* LA PUENTE, CALIF. 


*® MONTCLAIR, N. J. 
* AKRON, INDIANA 
® LONGVIEW, TEXAS 
Construction Products 


* ATLANTA, GA. 
* BRANTFORD, ONT. 
* MEXICO, D.F. 


2844—A SONOCO PRODUCTS COMPANY 
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Myte J. Houwey, Jr. (ASCE) 
Massachusetts Institute of Technology 
M. W. Hvuaerns 
University of Toronto 
Tack R. JANNEY 
Consulting Engineer 
r. Y. Lin 
University of California 
NaTHAN M. NEwMARK 
University of Illinois 
Gene M. Norpsy 
National Science Foundation 
Dovatas E. Parsons 
National Bureau of Standards 
PAXSON 
Oregon State Highway Dept. 
Howarp F. Peckwortu (ASCE 
American Concrete Pipe Association 
ERVIN POULSEN 
Civil Engineer, Denmark 
E. H. PRAgEGER 
Praeger- Kavanagh 
Emerson J. Ruswe 
Assn. of American Railroadst 
Morris ScHUPACK 
Preload Co., Inc. 
Cuester P. Siess 
University of Illinois 
HOWARD SIMPSON 
Massachusetts Institute 
Perer J. VERNA, JR 
Concrete Materials 
W. R. Witson* 
Atchison, Topeka and the Santa Fe Railway 
R. F. Wirrenmyer (ASCI 
Austin Co. 
Cuarues C, ZOLLMAN 
Charles C. Zollman and 


Canada 


G, 8. 


Engineers 


of Technology 


Inc. 


Associates 


Committee 324 Precast Reinforced 
Concrete, Thin Sections 


Organized 1946 


Mission—The mission of this committee is 
to prepare recommendations for design and 
construction utilizing thin section precast 


concrete 
Activities 
preliminary 


The committee completed its 
ot 


survey of available information dealing with 


assignment a comprehensive 
the design and construction techniques of 
Uti- 
lizing the compiled data of the survey, the 


thin section precast concrete structures 


committee has submitted a report, “Tentative 
Thin-Section Rein- 
forced Precast Concrete Construction,’’ which 
was published in the May 1958 JouRNAL 


Recommendations for 


4. Amrrikian, Chairman 
Bureau of Yards and Docks 
ArtTHuuR R. ANDERSON 
Anderson, Birkeland and Anderson 
Boyp G. ANDERSON 
Ammann and Whitney 
K. P. BrLtNeR 
Vacuum Concrete 
Louis P. Corserta 
Corbetta Construction Co 
Groree P. Duecy 
Associated Sand and Gravel Co 
Ernst GRUENWALD 
Lone Star Cement Corp. 


Dept. of the Navy 


Ine 


Ine 


*Nonmember ACI 
tCorporation Member 
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DANIEL P. JENNY 
Portland Cement 
FoLMER JORGENSEN* 
Civil Engineer, Denmark 
Ezra G. OpLEY 
Bureau of Yards and Docks 
Cuarves D. Wai ces, JR 
Wailes Precast Concrete Corp 
W oLBEER* 
N. V. Schokbeton 


Assn 


Dept. of the Navy 


H. J 
Netherlands 


Committee 325——Structural Design of Concrete 
Pavements for Highways and Airports 


Organized 1948 


Mission—The committee's assignment is to 
develop a recommended practice for the struc- 
tural design of concrete highway and airport 
slab 


joints, reinforcement, ete. 


pavement dimensions, cross section, 
on the basis of the 
best information available, and to keep such 
recommendations up to date as new informa- 


These de- 


sign recommendations complement the specifi- 


tion indicates need for revision 


cations for materials and construction pre- 
pared by Committee 617 
The ACI 

Practice for Design 
Pavements (ACI 325-58)’’ 
the 54th annual 
letter ballot, 


July JouRNAI 


Activities 


mended 


Standard 
ol 
was adopted at 
ratified 
published in the 


Recom- 
Concrete 
convention, by 


and will be 
the 


published in 1956: Subcommittee I 


teports ol four subcommittees were 
‘Con- 
siderations for Construction of Subgrades and 
Subbases for 1956 


tigid Pavement,’’ August 


JOURNAL; Subcommittee II Considerations 
in the Selection of Slab Dimensions,’ Novem- 
1956 II] 


“Structural Design Considerations for Pave- 


ber JOURNAL; Subcommittee 


ment Joints,” July 1956 JourRNAL: and Sub- 
IV 


Concrete Pavement Reinforcement for Crack 
October 


committee Design Considerations for 


Control,” 1956 JOURNAI 


The committee sponsored a session at the 


54th annual convention in 1958 featuring 


the reports of three subcommittees on pre- 


stressed concrete pavements; use of continuous 
reinforcement in 
ot 


pavements 


highway pavements; and 


design concrete overlays for concrete 


E. A. Finney, Chairman 
Michigan State Highway 
Henry Aaron, Secretary 
Wire Reinforcement 
Leo M. Arms 
Portland Cement 
Joun A. Bisnop* 
U. 8. Naval Civil Engineering Researc! 
and Evaluation Laboratories 


Dept 
Institute, In« 


Assn. 
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Benat F. FrinerG 

Consulting Engineer 
A. T. Gotppeck 

National Crushed Stone Assn. 
Rosert HoronJert 

University of California 
J. D. Linpsay 

Illinois Division of Highways 
Joseru H. Moore 

Pennsylvania State College 
L. A. PaALMER* 

Bureau of Yards and Docks, Dept. of the Navy 
G. 8. Paxson 

Oregon State Highway Dept. 
Tuomas B. PRINGLE* 

Office, Chief of Engineers, Dept. of the Army 
L. W. TeLLerR 

Bureau of Public Roads 
WitiiamM VAN BREEMEN 

New Jersey State Highway Dept. 
KenNetTH B. Woops 

Purdue University 
F. N. Wray 

Highway Research Board 


Committee 326—Shear and Diagonal Tension 
Joint ACI-ASCE 


Organized 1950 


Mission—A joint committee of ACI and 
ASCE ‘was formed in 1950 with the assign- 
ment of developing methods for designing 
reinforced concrete members to resist shear 
and diagonal tension consistent with the new 
ultimate strength design methods. 


Activities—An initial test program -investi- 
gated shearing strength of a reinforced con- 
crete slab under a centrally located concen- 
trated load. A program of tests on the shear 
strength of concrete members without shear 
reinforcement, sponsored by the Reinforced 
Concrete Research Council, was recently com- 
pleted at the University of Illinois. 


The Committee on Reinforced Concrete 
Research of the American Iron and Steel In- 
stitute is also sponsoring an investigation at 
Columbia University on the diagonal tension 
resistance of reinforced concrete beams which 
are subjected to multiple loads simulating a 
uniformly distributed load. 


Plans by the committee include an investi- 
gation of knee-frames to be performed of the 
University of Iliinois also under the sponsor- 
ship of the Committee on Reinforced Concrete 
Research. 


Cuarves 8. Watney, Chairman 
Ammann anc. Whitney 
C. A. WiLison, Secretary 
American Iron and Steel Institute 
RAYMOND ARCHIBALD (ASCE) 
J. E. Greiner Co. 
Water E. Buessey 
Tulane University 


*Nonmember ACI. 
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Boris BRESLER 
University of California 
R. H. Evans (ASCE) 
The University of Leeds, England 
Eivinp HoGNestap 
Portland Cement Assn. 
R. L'Hermire 
Laboratories du Batiment et des Travaux Publics 
France 
Sven T. A. Opman* (ASCE) 
Swedish Cement and Concrete Institute 
ALrREeD L. PARME 
Portland Cement Assn. 
Dovetras E. Parsons 
National Bureau of Standards 
Raymonp C. Reese 
Consulting Engineer 
Freperic Rouu 
University of Pennsylvania 
Ivan M. Viest 
AASHO Road Test 


Committee 327— Ultimate Load Design 
Joint ACI-ASCE 


Organized 1952 
Discharged 1957 


A joint committee formed in 1952 
with the Ultimate Load 
Design of the ASCE Committee on Masonry 


and Reinforced Concrete, Structural Division. 


was 


Subcommittee on 


The assignment was to evaluate and correlate 
theories and data bearing on ultimate load 
design procedures with a view to establishing 
them as accepted practice. 

A report was issued in 1955 and published 
“Ultimate 
Design,’’ Paper 809, ASCE Pro- 
81, Oct. 1955; ACI 
January 1956. 


by both sponsoring organizations: 
Strength 
ceedings, V. JOURNAL, 
Portions of this report were abstracted to 
form the appendix to the 1956 ACI Building 
Code, which recognizes ultimate strength for 
the design of reinforced concrete members. 


Committee 328—Limit Design 
Joint ACI-ASCE 


Organized 1956 


Mission—The mission of this committee is 
to develop a recommended practice for the 
application of limit analysis to reinforced con- 
Its work will be an exten- 
sion of that of ACI-ASCE Committee 327, 
Ultimate Load Design. 


crete structures. 


Activities—A review has 
been prepared within the committee which 


will form a nucleus for subsequent theoretical 


comprehensive 


and experimental studies by the joint com- 
mittee. Theoretical studies on the amount of 


redistribution occurring with various per- 


centages of reinforcement have been started. 
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These theoretical studies will be used as a 


guide for determining the amount of ex- 


perimentation required 


AurreD L. Parme, Chairman 
Portland Cement Assn 
Ervinp Hoanestap, Vice-Chairman 
Portland Cement Assn 
A. L. L. Baker* 
Imperial College of Science and 
Technology, England 
Ricuarp R. BrapsHaw 
Richard R. Bradshaw, In« 
Epwarp CoHEN 
Ammann and Whitney 
FREEMAN Drew* 
Chicago, Milwaukee, St 
and Pacific Railroad 
New.uin D. MorGan, Jk 
University of Wyoming 
Louis A. Norrn 
Allabach and Rennis, Inc. 
WiILLiAM PRAGER* 
Brown University 
EmiLtio ROsENBLUETH 
Consulting Engineer 
HERBERT SAWYER 
Iniversity of Connecticut 
Epwarp E. WALTERS 
Consulting Engineer 
GeorGce WINTER 
Cornell University 
DD. T. Wrient 
Queen's University 
C. W. ¥e 
Portland Cement Assn 


Mexico 


Canada 


Committee 331——Structures of Concrete 
Masonry Units 


Organized 1953 


Mission—Committee 331 has been assigned 


the mission to develop methods of structural 
analysis and design, recommend design and 
construction practices, to provide users of 
concrete block, brick, and tile with authorita- 
tive information and guidance. 


Activilies—Subcommittee assignments are 


(1) structural design and specifications for 


materials and construction; (2) control of 


volume change cracking; and (3) design to 


utilize thermal, acoustic, and fire resistant 


properties. 
S. H. Westsy, Chairman 
Portland Cement Assn. 
FRANK H. BeInHAUER 
d. Simmons Co., Inc, 
W.S. C\LLENDER 
Concrete Products Assn. of Washington 
Joseru M. Fink 
City of Detroit 
Engineering 
C,. C. Fisupurn 
National Bureau of Standards 
R. O. Hepsrrom 
Portland Cement Assn. 
A. T. Hersey 
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FRANK L, LoveLi 
Louisville Cement Co. 
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ACT, 


*Nonmember 


ALBYN MACKINTOSH 
Mackintosh and Mackintosh 
Watrer J. McCoy 
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Hueu M. O'Neu 
H. M. O'Neil Co 
PIERSON, JR. 
Southern Cement Co 
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c.t 


C.A 
of Michigan 


Dept Army 


ot the 


Committee 332——Recommended Practice for 
Residential Concrete Work 


Organized 1953 


Vission 
was To prepare a recommended practice in the 
field of 


Committee 332’s initial mission 


residential 
The 


tively engaged in studying the early publica- 


concrete work. 


Activities committee is already ac- 
tion ol guide details on recommended good 
the first 


project, concrete floor slabs on grade, nearly 


practice on residential work, with 


completed. Subsequent committee work will 


take up types ol simplified concrete founda- 


tions. 
Frank G. Erskine, Chairman 
Expanded Shale, Clay and Slate 
Frank B. Brown 
Wire Reinforcement Institute, In¢ 
CraiGa CAIN 
Chicago Fly 
RicHARD CANAVAN 
National Assn 
W. P. CuapmMan* 
Johnson Service Co 


Institute 


Ash Co 


of Home B 


Tep DanLsTROM 
Home Modernization Instit 
FRANCISCO FULLANA*® 
Fullana Construction Co 
Cuarves R. Funk* 
Veterans Administration 
JosepH GoOLDMAN* 
American Community 
Werner H. GumMpPerrz 
Massachusetts Institute 
J. T. Lenprum*® 
University of Florida 
ArnTHUR YUAN Moy* 
City of Detroit Dept. of Buildings and 
Safety Engineering 
Perry H. Perersen 
Master Builders Co. 

ANDREW PLace* 
Place and Co 
WituraM A. Russet 

Federal Housing 
W. A. Siums* 
Dafio Co 
S. H. Wesrey 
Portland Cement 
Joun T. Youne 
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Administration 


Assn. 


Assn. 
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Committee 333—Design and Construction of 
Composite Structures—Joint ACI-ASCE 


Organized 1956 


Mission—This committee is to study the 
integration of structural members of dis- 
similar materials in bridges and buildings. 
The objective is to prepare recommendations 
for the design and construction of structures 
composed of prefabricated beams combined 
with cast-in-place slabs. 


Activities—Composite combinations using 
concrete include two subjects already under 
study. One is a research proposal on the 
connection between precast concrete beams 
and a cast-in-place slab; the other is a litera- 
ture survey or bibliography on the bond be- 
tween a steel beam and a concrete slab. 


The committee intends to embark on a 
systematic study of composite construction. 
It is expected that such a study will consist of 
the review of several specific problems, e.g., 
working load design, ultimate load design, 
volume changes, shear connections, with the 
aim of collecting and correlating existing 
information and pointing out areas where 
research is needed. The next step would be 
to outline and execute research projects; and 
finally, the possible preparation of a manual 
for composite design and construction. 


Ivan M. Viest, Chairman 
AASHO Road Test 
Irwin A. BENJAMIN 
Granco Steel Products Co. 
W. E. Brapsury 
Sheffield Steel Co. 
A. A. BRIELMAIER 
Washington University 
M. E. Fiore* 
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R. 8S. FounTaIn 
Consulting Engineer 
Frank J. HANRAHAN 
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Norman W. Hanson 
Portland Cement Assn. 
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A. M. Lount 
A. M. Lount & Associates 
Pui P. Pace, Jr.* : 
Seelye, Stevenson, Value and Knecht 
Bruno THURLIMAN* 
Lehigh University 
Ropert J. VAN Epps 
Portland Cement Assn. 
C. H. Westcorr 
Westcott Engineering Co. 
Arpis WHITE 
University of Houston 


*Nonmember ACI. 


June 1958 


Committee 334—Concrete Shell Structures 
Organized 1957 


Mission—The committee is to review pres- 
ent knowledge in the entire field of shell 
structures, including both theory and appli- 
cations and to prepare an initial report on 
present practice in analysis, design, and speci- 
fications for materials and construction. Ult- 
imately, the committee is to report recom- 
mended practice for design and specifications 
to supplement the provisions in the ACI 
Building Code as modifications necessary to 
suit the special conditions of shell structures. 


The committee will consider all types of 
concrete shell and all materials 
and methods of construction of which appli- 
cations are study. Design 
for cylindrical shell and 
folded plate roofs may be made by reference 
to reports of other organizations investigating 
these types. Recommendations for shell-type 
storage structures may be made by reference 
to reports of ACI Committee 714. 


structures 


available for 
recommendations 


Anton Tepesko, Chairman 
Roberts and Schaefer Co. 
Eric C. Motke, Vice-Chairman 
Prestressing Research and Development, Inc. 
Avrrep L. Parme, Secretary 
Portland Cement Assn. 
Boyp G. ANDERSON 
Ammann and Whitney 
Gioraio Baroni* 
Roberts and Schaefer Co. 
Ricuarp R. BrapsHaw 
Richard R. Bradshaw, Inc. 
Fevix CANDELA 
Architect, Mexico 
WILHELM FLUGGE* 
Stanford University 
Orro GRUENWALD 
Consulting Engineer 
Mio 8. Kercuem, Jr. 
Ketchum & Konkel 
D. A. PoLycuRoNe 
Georgia Institute of Technology 
Mario G, SALVADORI 
Columbia University 
Joun B, SKILLING 
Worthington and Skilling 
Bruno THURLIMAN* 
Lehigh University 
Ropert ZABOROWSKI 
Roberts and Schaefer Co. 


Committee 335—Deflection of Concrete 
Building Structures 


Organized 1957 


Mission—Committee 335 will study avail- 
able research on deflection of concrete flexural 
members in building structures under rapid 
and long-term loads to develop recommenda- 
tions for the prediction of such deflection. 
Suggested limits for allowable deflection of 
various types of concrete flexural members 
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to complete the picture... 
BRING SONNEBORN INTO YOUR PLANS NOW! 


When you are ready to put your project 
“on the boards”. . . that is the time to 
have all the information about the many 
SONNEBORN BUILDING PRODUCTS 
at your fingertips. 

SONNEBORN has for more than 55 
years produced time-tested materials 


» Sonnebarn «- 


Since 1903 
manufacturers of quality 
building products. 


designed to protect, preserve and maintain 
such basic materials as wood, concrete, 
brick. 

Should you wish technical assistance in 
evaluating SONNEBORN PRODUCTS in 
conjunction with a specific problem, please 
write us. 


L. Sonneborn Sons, Inc. 
Building Products Division, Dept. J-68 
404 Fourth Avenue, New York 16, N. Y. 


Send your latest literature on: 
Concrete Floor Treatments 
Masonry Water-Repellents and Dampproofings 
Concrete and Mortar Admixtures 
Concrete Paints and Protective Coatings 
Also include free copy of your Building 
Construction and Maintenance Handbook 
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An Architect's Conception of 100 Church Street. 
These people are building it: 

Architect: Emery Roth & Son, New York 
Structural Engineer: James Ruderman, New York 
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Meet New York’s next 











General Contractor: Diese! Construction Co., Inc., New York 
Subcontractor on Concrete: Rizzi Construction Co., Inc., New York 
Welded Wire Fabric Distributor: Fireproof Products Co., Inc., New York 
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big office building 


Cost: $28 million 


Floor Area: one million sq. ft. 
Concrete Reinforcement: (iss) American Welded Wire Fabric 


Short-span floors, reinforced with USS* 
American Welded Wire Fabric, are a tea- 
ture of 100 Church Street, a brand-new 
twenty-story building now going up in 
Manhattan. Closely spaced beams support 
concrete floor slabs of minimum thickness. 
Short-span floors are strong and light in 
weight. And they 
installation requires less time, labor, and 


Save money because 


material. 


USS American* Welded Wire Fabric 


makes short-span floors possible because it 


American Steel & Wire 
Division of 


can be drooped continuously over support- 
(ACI Code: Sec. 505G) It has 
an allowable working stress of 28,000 Ibs. 


ing beams. 


per square inch. 

Specify USS American Welded Wire 
Fabric. It’s available in a wide variety of 
and finishes 
0 to 16 and 
in longitudinal or transverse wire intervals 


styles, sizes, lengths, widths, 


. in wire gauges from #7 
of 2” to 16”. Write for complete technical 


data: American Steel & Wire, Rockefeller 
Building, Cleveland 13, Ohio. 


United States Steel 


*TRADEMARK 


Columbia-Geneva Steel Division, San Francisco, Pacific Coast Distributors 
Tennessee Coal & Iron Division, Fairfield, Ala., Southern Distributors + United States Steel Export Company, Distributors Abroad 


Short-Span Floors, reinforced with USS American Welded Remember, 


Wire Fabric, are going into the construction of 100 Church 
Street. USS American Welded Wire Fabric is prefabricated buyers will ask, “We 


for quick, easy, economical installation in any permanent 
concrete work, 
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under various classes of loadings will be de- 
veloped. The recommendations for prediction 
and limits of deflection shall be correlated 
with limitations on acceptable deflections, 
minimum depth requirements, and allowable 
limits on deflection and recovery under test 
loads prescribed in existing ACI Standards. 
First report is to cover existing satisfactory 
practice for ordinary structures and eventually 
to include all structures. 

Activities—Field and laboratory research 
results will be studied. The studies will in- 
clude effects of aggregate (lightweight or 
normal); high strength concretes; precasting- 
plant curing procedures; age and drying; 
continuity ; amount, type, and location of rein- 
forcement; prestressing; and composite action 
of precast with cast-in-place construction. 
Types of members will include beams, two- 
way and flat slabs, arches, folded plate and 
thin shell structures, and rigid frames. Classes 
of loading will include uniform and concen- 
trated; wind, blast, or earthquake; moving; 
temporary; and permanent. Reference to 
and correlation with the reports of other 
committees will be expected. 

This proposed scope is limited to building 
structures excluding bridges, mass concrete 
structures, tunnels, and storage structures. 
It could be further restricted to 
building elements if desired, excluding arches, 
folded plates, and thin shells. 


common 


M. V. Preonorr, Chairman 
Pregnoff and Matheu 
Car os D. BuLLock 
Burgwin and Martin 
AprRIAN E. EckperG 
Charles T. Main, Inc. 
Cuaries M. Herp* 
California Division of Architecture 
Georce E. Larce 
Ohio State University 
Marvin A. LARSON 
Pregnoff and Matheu 
Joun K. Mrnasian 
Structural Engineer 
Dovatas E. Parsons 
National Bureau of Standards 
Donatp R, PEetrce 
Ammann and Whitney 
A. C. ScorpDeE.iIs 
University of California 
Mere Sozen 
University of Illinois 
Harry A, WILLIAMS 
Stanford University 


Committee 401—Specifications for Structural 
Concrete 


Organized 1956 


Mission—The committee is to prepare ma- 
terial to serve as a basis for the section on 


*Nonmember ACI. 


June 1958 
structural concrete in specifications. The 
report is to be in such form that applicable 
portions may be incorporated and additional 
special provisions inserted as required by the 
specification writer to form a complete speci- 
fication for structural concrete. When gen- 
erally accepted requirements in legal phrase- 
ology are available, i.e., appropriate sections 
of other ACI Standards or ASTM specifica- 
tions, the provisions will be merely references. 
Other provisions may incorporate excerpts 
from generally accepted ACI reports and 
papers, including the Joint Committee Report 
of 1940, or recommendations based upon such 
generally accepted material may be prepared 
in legal phrasing by the committee. 
gested title for report is “ 


Sug- 
Guide to Specifica- 
tions for Structural Concrete.”’ 


Georce H. Newson, Chairman 
Law Engineering Testing Co. 
Detmar L. BLoemM 
National Sand and Gravel Assn. and 
National Ready Mixed Concrete Assn 
WarNER Howe 
Gardner and Howe 
Peter G. KELLER 
Specifications Consultant 
Joun J. MANNING 
Concrete Industry Board, New York 
R. R. Matruev 
Pregnoff and Matheu 
J. D. McFarvuan 
Robert and Co., Associates, Inc. 
Cuares L. NIcHois 
Albert Kahn Associated Architects and Engineers 
Herman G. Prorze 
Concrete Technologist 
Raymonp C. Reese 
Consulting Engineer 
R. C. SANDBERG 
Architect and Engineer 
Hersert M. Suitstone, Jr. 
Shilstone Testing Laboratory 
Harry F. Toomson 
Consultant 
Joun J. WHITE 
Parsons-Brinckerhoff-Hall and MacDonald 


Committee 402—Concrete Floor Finishes 
Organized 1957 


Mission—The committee will review all 
earlier reports of ACI committees and papers 
by individuals on concrete floor finishes, sug- 
gest a standard abrasion test, and prepare a 
recommended practice on materials and con- 
struction methods. The initial report of the 
committee will suggest a standard abrasion ~ 
test and recommend research needed to es- 
tablish a scale of performance ratings suitable 
The final report of the 
include a 


for specifications. 
will specification on 
concrete floor finishes supplementing the work 
of Committee 401 
tural Concrete. 


committee 


Specifications for Struc- 
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The entire range of concrete floor finishes 
including heavy-duty types for exposure to 
industrial traffic wear and aggressive chemi- 
cals and exposed decorative floors will be 
studied. General classes of proprietary ma- 
terials including metallic, carborundum, and 
other special aggregates and liquid chemical 
hardeners will be 
performance ratings based on a 


considered. A _ scale of 
standard 
wear test will be established and recommended 
ranges of ratings for various classes of use 
established. 
Geratp Mitsom, Chairman 

Metallicrete Floor Co., Ltd., Montreal 


Committee 505—Design and Construction of 
Reinforced Concrete Chimneys 


Organized 1929 
Discharged 1956 


The ACI standard, “Specification for the 
Design and Construction of Reinforced Con- 
crete Chimneys (ACI 505-54),’’ was adopted 
at the 1954 annual convention, ratified by 
letter ballot in June, 1954, and published in 
the ACI JourNaAL, September 1954. 


Committee 604—Winter Concreting Methods 


Organized 1929 
Discharged 1957 


A revised standard was adopted at the 
1956 convention and subsequently ratified by 
secret letter ballot. The new standard, ‘‘Rec- 
ommended Practice for Winter Concreting 
(ACI 604-56),’”’ was published in the June 
1956 ACI Journat; it superseded ACI 604-48. 


Committee 605—-Hot Weather Concreting 
Organized 1955 


This committee is to review in- 
formation on the effect of hot weather on the 
characteristics of fresh and hardened concrete, 


Mission 


and to develop a recommended practice for 
controlling batching, mixing, 
transporting, placing, protecting, and curing 
concrete during hot weather. 


ingredients, 


Activities—A progress report, ““Hot Weath- 
er Concreting Problems,’’ was presented at the 
1957 annual convention and published in the 
May 1957 JourRNAL (Proc. V. 53). The latest 
report of the committee has been submitted 
as a proposed recommended practice and is 


*Nonmember ACI. 
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now in the process of consideration by the 
Standards Committee. 


STANTON WALKER, Chairman 

National Sand and Gravel Assn. and 

National Ready Mixed Concrete Assn. 
D. L. Buoem, Secretary 

National Sand and Gravel Assn. and 

National Ready Mixed Concrete Assn. 
Crayton L. Davis 

Universal Atlas Cement Co. 
Joun L. Gorrz 

Southwestern Portland Cement Co. 
Nomer Gray 

Ammann and Whitney 
Ernst GRUENWALD 

Lone Star Cement Corp. 
H. F. Heppericu 

*ittsburgh Testing Laboratory 
E. L. Howarp 

Pacific Cement and Aggregates 
Harry F. Irwin 

Warner Co. 
Harry MircHe.u 

Spartanburg Concrete Co. 
Georce H. Ne.tson 

Law Engineering Testing Co. 
Georce L. Orrerson 

Consultant 
Perry H. Petersen 

Master Builders Co. 
Emit Scumip 

Sika Chemical Corp. 
Joun H. SwANBERG 

Minnesota Dept. of Highways 
Lewis H. Turuiie 

California State Dept. of Water Resources 
I. L. TYLer 

Portland Cement 
Byron P. WeINTz 

Consolidated Rock Products Co. 
Joun J. Wuite 

Parsons-Brinckerhoff-Hall and MacDonald 
C. E. WuerPe. 

Marquette Cement Mfg. Co. 


Inc. 


Assn. 


Committee 609—Compaction of Concrete by 
Mechanical Means 


Organized 1934 


Mission—This committee has the assign- 
ment to revise and bring up to date a former 
report (ACI Journat, Mar.-Apr. 1936, Proc. 
V. 32), and has been organized to encourage 
research to discover the basic effects within 
concrete produced by vibrators of different 
design, and to determine how their character- 
istics can be used to the greatest advantage. 


Activities—The first draft of a recommended 


practice for consolidation of concrete by 
mechanical means is now being studied by 


the committee. A symposium on vibration 


practice was presented by the committee at 
the 1953 convention. 


Joseru J. Wappe.i, Chairman 

Joseph K. Knoerle and Associates 
Henry Comack* 

New York State Dept. of Public Works 
4. Witner Davis 

Jackson Vibrators, Inc. 
Tuomas B. Kennepy 

Waterways Experiment Station 
Artuur A. LEvIson 

Blaw-Knox Co. 


Ine. 
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How much CEMENT... 
How much FLY ASH... 
How much AGGREGATE 
...go into the 

best mix for a 

given requirement 


THAT correct design of the mix is vital is not open to 
question. The best results are obtained when ingredients are pro- 
portioned in accordance with information obtained from extensive 
investigation. Programs of this kind are continuing. The infor- 
mation developed is available through the companies named below. 


Fly Ash Improves 
Quality in Several Ways 


A great many tests have shown that 
a concrete containing proper amounts 
of an approved fly ash is superior to 
a concrete made without fly ash... 
Fly ash concrete is easier to place 
and finish, and has a lower heat of 
hydration. It also has greater resist- 
ance to the penetration of water and 
to the effects of aggressive waters. 

All these are important, depending 
on the purpose of the concrete. One 
quality always desired is high work- 
ability, ease of placing in the forms, 
filling them completely, using even 
less water, with a consequently dens- 


er mix and more watertight job. 
Main reason for the high workability 
is seen in microscopic views A and 
B. The particles of cement (B) are 
rough, angular, while those of fly 
ash (A) are mostly spherical and 
smooth. Thus the ‘‘ball bearing’”’ 
effect which makes the mix handle 
more easily. 


Each of the Companies Below Has Technical Data and 
Competent Engineers to Help You in Designing the 
Most Effective Mixes Employing Cement and Fly Ash 


CHICAGO FLY ASH COMPANY 
228 N. La Salle St., Chicago 1, Ill. 


MCNEIL BROTHERS, INC. 
P.0. Box 4015, Bridgeport 7, Conn. 


WALTER N. HANDY COMPANY, INC. 


P. 0. Box 549, Evanston, Ill. 
DETROIT EDISON COMPANY 


2000 Second Ave., Detroit 26, Mich. 
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H. J. MaGInnis 
Maginnis Power Tool Co. 
MiLos PouivKa 
University of California 
Tuomas J. READING 
Missouri River Di 
Lewis H. Torani 
California State 
Georce W. Wasna 
University of Wisconsin 
Henry A. WreIGAND 
Southern Cen-Vi-Ro Pipe Cor 
Grorck WERNER 
Bureau of Public 


Corps of Engineers 


of Water Resources 


Dept 


Roads 


Committee 611— Inspection of Concrete 
Organized 1935 


Vission The 


committee is to develop the 


mission of this 
1Cl Manual of 


Inspection and keep it current by 


standing 


Concrete 


per iodic revision The mission also includes 


the promotion of effective inspection in every 


possible way through such means as en- 


couraging greater recognition of inspectors 


and inspection, publication of reports on 


effective inspection, and encouragement ol 


short courses and conferences on inspection 


the 
The committe 


The fourth edition § of 


manual was published in 1957. 


Activities 


has also fostered publication of papers on 
the ACI JouRNAL, 
1JA Bulletin: 


aspects ol 
W este 


papers are in preparation. 


inspection in 


n Construction and other 


Lewis H. Turniiyi, Chairman 
California State Dept. of Water Resources 
Epwarp A. AppuNn-NuR 
Consulting Engineer 
Cuarves W. Brirzivs 
Twin City Testing and Engineering Laboratory 
BURKS 
Dewey and Almy Chemical Co 
Davip EnRENPREIS 
Consulting Engineer 
Marvin J. HAWKINS 
Bureau of Reclamation 
Jon W. Kevvy 
University of California 
FRANK R, KILLINGER 
A. J. Hales Testing Laboratories 
MIESENHELDER 
Assn. of American Railroads 
Witiram T. NeeLanps 
North Augusta, 8. C. 
Cuarves H. ScHoL_er 
Kansas State College 
M. R. Smiru 
Office, Chief of Engineers 
I. L. TYLer 
Portland Cement 
Josepu J. Wappett 
Joseph K Knoerl 
ID. O. Woot 
Bureau of Public Roads 


Ss. D 


P.D 


Dept. of the Army 


Assn 


and Associates, Ine, 


Committee 612—Recommended Practice for 
Curing Concrete 


Organized 1936 


Mission—This committee is to prepare a 


recommended practice for curing concrete 


LETTER 31 


{ctivities—The committee is now studying 


a final draft of a report on curing. A proposed 
standard containing recommendations in spec- 
The 
committee has sponsored basic research at the 
National Standards 
methods, 


ification form will be the next project. 


Bureau of on curing 


and a symposium on curing was 


sponsored at the 1952 convention. 


G. E. Burnerr, Chairman 
Bureau of Reclamation 
Epwarp E. Baver 
niversity of Illinois 
CLEMMER 
Government of the 
Howe. 
Caterpillar Tractor Co 
W. R. Jounson 
Portland District 
Bryant MATHER 
Waterways Experiment Station 
Francis A. McApam 
Huron Portland Cement Co 
Mark Morris 
lowa State 
REAGEI 
Missouri State Highway Comn 
Grorck WERNER 
Bureau of Public 


H. I 
District of Columbia 


ea 


Corps of Engineers 


Highway Comm 


F.V 


toads 


Committee 613-—-Recommended Practice for 
Proportioning Concrete Mixes 


Organized 1936 


Vission—This committee has the assign- 


ment of developing recommended practices 


for proportioning concrete mixes, including 
air-entrained and non-air-entrained concrete, 


lightweight concrete, and no-slump concrete. 


{ctivities—The committee has published 
the 
Selecting Proportions for Concrete (ACI 613- 
54),"’ (ACI JourNAL, Sept. 1954), 
superseded ACT 613-44. 

A final draft of a 
for proportioning structural lightweight con- 


standard, “Recommended Practice for 


which 


recommended practice 


and early 
Another 
the 


involved in preparing recommendations for 


crete mixes has been prepared 


publication is anticipated. subcom- 


mittee is actively studying problems 


proportioning mixes for no-slump concrete, 
with particular reference to block, pipe, and 
other precast products. 


W. A. Corpon 
Utah State Agricultural College 
Criayron L. Davis 
Universal Atlas Cement Co. 
Rovert K. Dvey 
Consulting Engineer 
FRANK G. ERSKINE 
Expanded Shale, Clay and Slate Institute 
Ricuarp J. FRAZIER 
Anchor Concrete Products 
4. T. Gotpreck 
National Crushed Stone Assn. 
4. T. Hersey 
Alpha Portland Cement Co. 


Chairman 


Inc. 
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Frep Hvussarp 
National Slag Assn. 
Frank H. Jackson 
Consulting Engineer 
Tuomas B. KENNEDY 
Waterways Experiment Station 
Guy H. Larson 
jisconsin State Highway Comm. 
Harry H,. MitcuHecy 
Spartanburg Concrete Co. 
Grorce H. Netson 
Law Engineering Testing Co. 
E. J. PEvTIER 
Bureau of Yards and Docks, Dept. of the Navy 
Wa rer H. Price 
Bureau of Reclamation 
Cart M. Ro.uins 
Basalt Rock Co., Inc. 
H. C. Ross 
Hydro-Electric Power Comm. of Ontario 
J. J. SHIDELER 
Portland Cement Assn. 
L. A. THORSSEN 
Herculite Light Weight Aggregates of 
Canada, Ltd. 
I. L. TyYLer 
Portland Cement Assn. 
STANTON WALKER 
National Sand and Gravel Assn., and 
National Ready Mixed Concrete Assn. 
Grorce W. WasnHa 
University of Wisconsin 
BENJAMIN WILK 
Standard Building Products Co. 
Crpric WILLSON 
Texas Industries, Inc. 
Pau, M. Woopwortn 
Waylite Co. 





Ce ittee 614—Recc ded Practice in 
Measuring, Mixing, and Placing Concrete 


Organized 1936 





Mission—The committee is to review and 
bring up to date the standard ‘Recom- 
mended Practice for Measuring, Mixing, and 
Placing Concrete (ACI 614-42),”’ ACI Jour- 
NAL, June 1945, and to consider inclusion of 
performance requirements for concrete batch- 
ing and mixing plants. 


Activities—The committee, discharged after 
completion of the 1942 standard, was reor- 
ganized in 1956. Rewriting of portions of 
ACI 614-42 has begun. 


Lewis H. Tursiii, Chairman 

California State Dept. of Water Resources 
Atvin W. Brust 

Washington University 
H. F. Heppericu 

Pittsburgh Testing Laboratories 
E. L. Howarp 

Pacific Cement & Aggregates, Inc. 
Joun J. MANNING 

Concrete Industry Board, New York 
Harry H. McLean 

New York State Dept. of Public Works 
Bert Nosie* 

Noble Co. 
T. J. ReapiIne 

Missouri River Division, Corps of Engineers 
M. R. Smirx 

Office, Chief of Engineers, Dept. of the Army 
J. W. WinkwortH 

Winkworth Fuel and Supply Co. 


*Nonmember ACI. 
tCorporation Member. 
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L. P. Wirre 
Bureau of Reclamation 
D. K. Woop1n 
East Bay Municipal Utility District 


Committee 616—Coatings for Concrete 
Organized 1936 


Mission—The committee’s assignment is to 
prepare recommended practices for the appli- 
cation of paint and coatings of different kinds 
to concrete surfaces, including industrial ap- 
plications of coatings to prevent deteriora- 
tion of concrete, dampproofing, and water- 
proofing. 

Activities—The committee prepared the 
“Recommended Practice for the 
Application of Portland Cement Paint to 
Concrete Surfaces (ACI 616-49),”’ Septen:ber 
1949 JouRNAL. The report ‘Guide for Paint- 
ing Concrete,”’ for paints other than portland 
cement paint, was published in the March 
1957 JourNAL (Proc. V. 53). 

A start has been made on preparation of a 
bibliography on the painting of concrete. 
Future assignments are: (1) industrial appli- 
cations of coatings to prevent chemical at- 
tack on concrete, and (2) dampproofing and 
waterproofing of concrete. 


standard 


Joun L. Rouwepper, Chairman 

Rock Island District, Corps of Engineers 
G. E. Burnetr 

Bureau of Reclamation 
T. E. Cr1sHotm* 

Hydro-Electric Power Comm. of Ontariot 
Wituram H. Kuennine* 

Portland Cement Assn 
Bernarp A. Matm* 

Sears, Roebuck and Co. 
Joun C. Moore* 

National Paint, Varnish, and Lacquer Assn. 
FRANCIS SCOFIELD* 

National Paint, Varnish and Lacquer Assn. 
D. O. Woo.r 

Bureau of Public Roads 


Committee 617—Specifications and Recom- 
mended Practice for Concrete Pavements and 
ses 


Organized 1937 


The standing assignment is to 
prepare and maintain current a specification 
for materials and 


Mission 
construction of concrete 
pavements and also concrete bases used to 
support surface courses of other materials. 
The specification complements the recom- 
mendations for design by Committee 325. 
Activities—The standard “Specifications for 
Concrete Pavements and Concrete Bases 
(ACI 617-58),”’ superseding ACI 617-51, was 
adopted at the 54th 


annual convention, 
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ratified by letter ballot, and will be published 
in the July 1958 JouRNAL. 


H. F. CLemmer, Chairman 
Government of the District of Columbia 
E. A. Aspun-Nur 
Consulting Engineer 
Haroutp ALLEN 
Bureau of Public Roads 
A. A. ANDERSON 
Portland Cement Assn. 
Epwarp E. Baver 
University of Illinois 
E. W. BAUMAN 
National Slag Assn. 
R. O. BEAUCHEMIN 
Beauchemin-Beaton-Lapointe 
Joun A. Bisnor* 
1. S. Naval Civil Engineering Research 
and Evaluation Laboratories 
FRANK B. Brown 
Wire Reinforcement Institute 
4. T. Go_pBeck 
National Crushed Stone Assn 
W. E. Hawkins* 
North Carolina State Highway Dept.t 
T. E. Howe. 
Caterpillar Tractor Co. 
Frep HuppBarp 
National Slag Assn. 
Tueropvore J. KAUER 
Holmes Construction Co. 
Puiture L. MELVILLE 
Office, Chief of Engineers 
BaiLey TREMPER 
California Division of Highways 
STANTON WALKER 
National Ready Mixed Concrete Assn. and 
National Sand and Gravel Assn. 


Dept. of the Army 


Committee 621— Aggregates 
Organized 1936 


Mission—This committee was reorganized 
in 1955 with the mission of preparing a state- 
ment of information on aggregate that will 
evaluate properties of aggregate in terms of 
their influence on properties of concrete, dis- 
cuss features of preparation and handling 
which have a bearing on concrete quality and 
uniformity, and in general, summarize what 
should concern the user about aggregate when 
he sets forth to do a first-class job. 
Activities—Previous work of the committee 

yielded papers by committee members on 
production of sand and gravel, crushed stone, 
and slag. 
Wituram R. Waveu, Chairman 

Office, Chief of Engineers, Dept. of the Army 
E. W. BAUMAN 

National Slag Assn. 
T. G. CLENDENNING 
Hydro-Electric Power Comm. of Ontario 
. GOLSON 
Western Machinery Co. 
Joseru E, Gray 

National Crushed Stone Assn. 
W. R. Jounson 

Portland District, Corps of Engineers 
R. W. Spencer 

Southern California Edison Co. 


C.E 


*Nonmember ACI. 
tCorporation Member. 
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L. H. Tutsi. 
California State Dept. of Water Resources 
I. L. Tyver 
Portland Cement Assn. 
STANTON WALKER 
National Sand and Gravel Assn. and 
National Ready Mixed Concrete Assn. 
D. O. Wooutr 
Bureau of Public Roads 


Committee 622—Formwork for Concrete 
Organized 1955 
Mission—The committee’s assignment is to 
recommend practice for concrete formwork 
in general terms, based on considerations of 
safety and appearance. Consideration is 
directed toward: (1) formulas for estimating 
maximum form pressure; (2) allowable stresses 
on form, shore, and scaffolding materials; 
accessories; soil; bracing and guys; etc., to be 
expressed as a fraction of the ultimate strength 
of the material; (3) allowable limits on deflec- 
tion and/or strains in the above items; (4) 
allowable tolerances in general; (5) special 
limits for items (2), (3), (4) applicable to 
architectural concrete; (6) a suggested specifi- 
cation for use by architects and engineers; 
(7) special requirements for accessories to be 
used on architectural concrete; (8) forming 
at joints; (9) section dealing with special 
cases such as grouting in aggregate-filled 
forms, forming cast-in-place material com- 

posite with precast. 
Activities—Subcommittee II’s report, 


“Form Construction Practices,’ was pub- 


lished in the June 1957 Journat (Proc. V. 53). 
Other subcommittees are engaged studying 
other aspects of forming. 


Harry Evissere, Chairman 

Giffels and Rossetti 
Joun BANKER 

Portland Cement Assn. 
Frank H. BeEINHAUER 

J. L. Simmons Co., Inc. 
H. P. Cervurti 

Blaw-Knox Co. 
EpGarpo ConrtINI 

Victor Gruen Associates 
N. L. Doz 

Turner Construction Co. 
Jacos Feip 

Consulting Engineer 
Davip FLEMING 

Structural Engineer 
Vance J. Gray 

Raymond C. Reese 
Rosert C. JoHnson 

Siesel Construction Co. 
J.C. McCroskey, Jr. 

McCloskey and Co. 
Verne O. McCiurG 

McClurg, Shoemaker and McClurg 
Donan R. Perrce 

Ammann and Whitney 
A. H. Prune 

Richmond Screw Anchor Co., 
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for Watertight Concrete Joints 


? . ? niet Te eae 
e te : oe 66m 6a ° 
. . . 





























rubber or polyvinyl plastic 
‘ ee eee. CENTERBULB 
TYPE 





Servicised Dumbbell design has been used for more than 25 vears in heavy con- 
crete structures and where hydrostatic water pressure is present because it pro- 
vides better retention of the water-stop in the joint during horizontal or vertical 
movement. When concrete contracts and the joint opens up, outer dumbbell 
edges become more tightly engaged with the concrete, making it a tighter seal 
as the tension increases due to movement either in the joint or increasing water 
pressure on one side of the joint. Dumbbell design waterstop is made from rubber 
or polyvinyl! plastic in both flat or centerbulb types. Write for special Catalog 


* Self-vulcanizing 

* No cold flow after cure 
* 

* 


‘ pie nt: Maintains bond from below 0° to 150° F. 
cold applied vertical joint sealer 


Black . . . White . . . Gray colors 


Vertiseal is an extremely efficient joint 
sealing compound ... resistant to petro- 
leum derivatives, most common acids, 
fats and alkalis. Stable composition, su- 
perior cohesive and adhesive qualities, 
and simple installation with caulking gun 
or by troweling, make Vertiseal first choice 
for sealing virtually 
any type of vertical or 
horizontal joints. 


Write for special Vertiseal - 
Catalog and Specifications. APPLIED BY TROWELING OR WITH CAULKING GUN 


SERVICISED PRODUCTS “=~ 


CORPORATION 


6051 WEST 6Sth STREET CHICAGO 38, ILLINOIS 





NEWS LETTER 


Josepn R. Procror 
Dravo Cory; 
Purrer* 
Michigan State Highway 
SHARRAR* 
O. W. Burke Co 
M. L. STerpHEens* 
Dixie Form and Steel Co 
P. R. SvrRatTTon* 
Hydro-Electric Power Comm. of Ontario 
Wituiam R. Wavuen 
Office, Chief of Engineers, Dept f the 
iam H. Wour* 


Jureau of Reclamation 


H.R 


O.G 


Army 
Wi 


Committee 623 Specifications and Practices 
for Foamed Concretes 


Organized 1958 


Mission 


ommendations for the use of foamed concretes 


The committee will prepare rec- 


Specifications for materials and construction 
upon which such recommendations are based 
will be included. If necessary, special tests 
for compliance with the specifications may be 
suggested either for samples or for in-place 


construction 


A secondary standing assignment will be 
to furnish information on special properties 


of foamed concretes for use by Committee 213 


Activities 
ing, the committee will review research data 
ACI 
and June 1954, Proc. V. 50, 
and later research results 


Now in the process of organiz- 


including the report ‘‘¢ ‘ellular Concrete,”’ 
JOURNAL, May 
Data on perform- 
design 
Tests 


acceptance in use will be 


ance, construction practice, and 


practice will be collected and evaluated 


for control and 


considered 


Rupouen C. Vacore, Jr., Chairman 
Texas Industries, Ine 
FRANK G. ERSKINE 
Expanded Shale, Clay and Slate Institute 
Ricuarp J. Frazier 
Anchor Concrete Products, Ine 
P. O. FREEMAN 
Siporex, Ltd. 
ERNST GRUENWALD 
Lone Star Cement Corp 
Watpemar C, Hansen 
Tniversal Atlas Cement Co 
E. R. Joury 
Cellular Products Co. 
Leo M. Lecarskt 
University of Michigan 
A. Lirvin 
Armour Research Foundation of 
Illinois Institute of Technology 
Perry H, PeTerson 
Master Builders Co. 
MortTON SHERMAN 
Zonolite Co. 
MICHAEL SMOLIN 
Mearl Mfg. Corp 


*Nonmember ACI 
tCorporation Member 


Committee 704—Cast Stone 
Organized 1928 
Discharged 1949 


The report of this committee, “‘Specifica- 
tion for Cast Stone (ACI 704-44 was pub- 
lished in the June 1945 ACI Journau. The 
report was dropped as an Institute standard 
in 1956 because industry interest was insuffi- 
cient to reactivate the committee to restudy 


the subject and keep the report current. 


Precast Floor Systems for 
Houses 
Organized 1934 


Viss on The 
prepare current recommendations for the use 
floor 


Committee 711 


standing assignment is to 


ol tactor, concrete 


produced precast 
units. 
The latest 


Standard 


and rool 


iclinilies this com- 


report ol 


mittee, ‘‘Minimum {equirements 


for Precast Concrete Floor and Roof Units 


(ACI 711-58),”’ 
adopted at the 


superseding ACI 711-53, was 
54th 
ratified by letter ballot, and will be published 


annual convention, 


in the July 1958 JouRNAI 
Leo M. Leearski, Chairman 

University of Michigan 
Ravten W. Apams 

Consulting Engineer 
Josern H. AppLeron 

Alabama Cement Tile Co 
Prep C. BAMMAN 

F. C. Bamman Precast Concrete Corp 
Merwin G. Beavers 

Texas Concrete Products Cory 
FRANK BROMILOW 

New Mexico College of A 
STEPHEN J, CHAMBERLIN 

lowa State College 
Witiiam C. Green 

lexcrete Structural Prod 
H. B. Hema 

Concrete Products, Ine 
CGrorce E. Larat 

Ohio State University 
F. N. MENEFEE 

University of Michigan 
C. F. Moore 

Hutton and Hutton 
O. Nett OLson 

Marquette University 
Gaye B. Price 

Price Brothers Co 
tonert A. Rossi 

Libbey- jwens Ford Glass Co 
R. N. Vaku 


ersity of Wisconsin 


ind M.A 


Committee 712—Precast Structural Concrete 
Design and Construction—Joint ACI-ASCE 


Organized 1957 


Vission—The mission of the committee is 


to develop a recommended practice to cover 


the over-all problems of design and assembly 


of beams, slabs, columns, and other precast 
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concrete members. Under ccnsideration is 
the inclusion of precast prestressed members 
(particularly pretensioned), _lift-slab, 


tilt-up construction. 


and 


Jack R. Janney, Chairman 
Consulting Engineer 
Josern H. Appieton, Vice-Chairman 
Alabama Cement Tile Co. 
ARTHUR R. ANDERSON 
Anderson, Birkeland and Anderson 
Maurice BENDER 
Joseph K. Knoerle and Associates 
W. Burr Bennett, Jr. 
Portland Cement Assn. 
Davip P. BILLINGTON 
Roberts and Schaefer Co. 
Martin K. Dovatass 
Consulting Engineer 
Pau. H. Kaar 
Portland Cement Assn. 
A. C. Scorpe.is 
University of California 


Committee 714—Concrete Bins and Silos 
Organized 1937 


Mission—This committee is to prepare 
recommendations for the design and con- 
struction of concrete structures for the storage 
of solids. The report is to include data on 
static design pressure for common solids, such 
as cement, flour, sugar, grain, and coal. 
Design recommendations will cover use of 
prestressed concrete and will include folded- 
plate analysis for circular and prismatic struc- 
tures, allowance for dynamic pressure in 
loading and unloading, foundations to resist 
overturning from lateral or unbalanced loads, 
structural details to prevent local failure, 
multi-cellular and single units, and any modi- 
fications of the ACI Building Code necessary 
to suit special conditions in such storage 
structures. Recommendations for specifica- 
tions will include any necessary provisions 
peculiar to such storage structures and any 
special protective treatments required for 
storage of particular common bulk materials. 
The recommendations will include any special 
precautions, limitations, and requirements for 
the sliding-form or shotcrete methods of 
construction. 


Activities—With its reactivation in 1956, 
the committee’s title and mission were 
changed to that above. The original com- 
mittee, discharged in 1948, prepared the ACI 
Standard ‘‘Recommended Practice for the 
Construction of Concrete Farm Silos (ACI 


*Nonmember ACI. 
tCorporation Member. 


june 1958 


714-46),’’ published in the October 1946 ACI 
JOURNAL. 


Cuarues H. Scuover, Chairman 
Kansas State College 
Harovp T. Barr 
Louisiana State University 
Curnton H. CHALMERS 
Chalmers and Borton 
WituraM L. Cruark, Jr. 
Consulting Engineer 
Rosert L. Hann 
Consulting Engineer 
Cari C. MacFarLanet 
Jones-Hettelsater Construction Co 
Pavut RoGers 
Paul Rogers and Associates 
KEEVE STEYN 
Structural Engineer 
Louis E. VANDERGRIFT 
Ohio State University 
Ropert J. Van Epps* 
Portland Cement Assn. 


Committee 716—High Pressure Steam Curing 
Organized 1941 


Mission—The committee was assigned the 


task of studying, correlating information, and 
reporting on the subject of high-pressure 
steam curing. 

Activities—Reactivated in 1950 because of 


an awakening of interest in high-pressure 


steam curing, the new group began a study of 
the report of former Committee 716 (ACI 
JouRNAL, April 1944, Proc. V. 40, p. 409) 
considering possible additions to the old 
report. 

Committee work has resulted in reports 
published in the April and May, 1953, issues 
of the JournaL (“Physical Properties of 
High-Pressure Steam-Cured Concrete Block”’ 
and ‘Chemical Reactions in High-Pressure 
Steam Curing of Portland Cement Products,”’ 
respectively ). 


Samvuev B. Hetms 

Lehigh Portland Cement Co. 
EarLe T. ANDREWS 

Pennsylvania Glass Sand Corp. 
R. L. BARBEHENN 

National Gypsum Co. 
Currron C. CARLSON 

Portland Cement Assn. 
Dae Coss 

Autoclave Building Products Assn. 
Raupu E. Cromis ° 

Boice Builders Supply 
H. W. Eastrer-y, Jr. 

Concrete Pipe and Products '‘Co., Inc. 
C. R. Eckert 

Ruberoid Co. 
M. W. Ferevuson* 

Roanoke, Va. 
RIcHARD FRAZIER 

Anchor Concrete Products, Inc. 
Watpemar C. HANSEN 

Universal Atlas Cement Co. 
Noe. D. Harrer* 

Harter Marblecrete Stone Co.t 
A. T. Hersey 

Alpha Portland Cement Co. 





Georce L. KaLousex 
Owens-Illinois Glass Co. 
Tuomas B. Kennepy 
Waterways Experiment Station 
Donato W. Lewis 
National Slag Assn. 
Howarkp F. Peckwortu 
American Concrete Pipe 
Perry H. Perersen 
Master Builders Co 
L. G. RANDOLPH 
Concrete and Cinder Products 
Epwin L. SAXER 
University of Toledo 
Joun K. SELDEN 
Owens-Illinois Technical Center 
Rupoupn C. VALore, Jr. 
Texas Industries, Inc 
Davip WATSTEIN 
National Bureau of Standards 


Committee 805—Application of Mortar by 
Pneumatic Pressure 


Organized 1942 


Misston—Committee will review the exist- 
ing standard ‘‘Recommended Practice for the 
Application of Mortar by Pneumatic Pressure 
(ACI 805-51)” [ACI JournaL, May 1951, 
Proc. V. 47| and prepare a revision. Objec- 
will be to reflect 
developments in this field since 1951 extending 


tives of the revision new 
the scope of the original report as necessary 
and to expand sections presently requiring 
clarification. 

Activities—The committee, reactivated in 
1957, will extend the scope of the report to 
include limits of applicability and recom- 
mendations for use of plastic mix shotcrete, 
for admixtures suitable in shotcrete, for light- 
weight aggregate shotcrete, for use of cements 
other than portland, and for construction of 
thick structural members. 


J. J. Crosner, Chairman 
Preload Co., Inc. 


LETTER 


Ev_mo C. HiGGinson 
Bureau of Reclamation 
W. G. InmMscHerR 
Peerless Cement Corp. 
J. LACTERMAN 
Olympic Concrete-Spray Construction Ltd., 
Canada 
Tuomas J. READING 
Omaha District, Corps of Engineers 
RayMonp J. Scuurz 
Sika Chemical Corp. 
Joun I. Stmmons* 
Pressure Concrete Co. 
R. J. SwEITZER 
Lock Joint Pipe Co. 
Max M. True 
True Gun-All Equipment Corp 
L. G. Vinson 
Vinson Construction Co 
SranLey G. ZynpDA 
Gunite Contractors Assn. 


Joint Committee 


Organized 1904 
Discharged 1942 


The first Joint Committee was formed in 
1904 at the beginning of reinforced concrete 
construction in the United States. A second 
was formed in 1920 and a third in 1930. The 
report of the last Joint Committee, “‘Recom- 
mended Practice and Standard Specifications 
for Concrete and Reinforced Concrete,”’ 
published in 1940. Represented on the com- 
mittee were ACI, American Institute of Archi- 
tects, American Railway Engineering Assn., 


was 


American Society of Civil Engineers, Ameri- 
can Society for Testing Materials, and Port- 
land Cement Assn. 

A joint ACI-ASCE steering committee was 
formed in 1953 to study the 1940 report with 
a view to future action on it. The committee 
1940 Joint 
mittee Report be discontinued was approved 


recommendation that the Com- 


by both organizations in 1956, and all affili- 
ated groups were notified. 


ACI participation in the work of committees of other organizations 


ASA Sectional Committee (A1) Specifications 
and Methods of Test for Hydraulic Cements 


Mrues N. Crarr . 
Thompson and Lichtner Co., Inc. 


ASA Sectional Committee (A37) Road and 
Paving Materials 
Haroitp ALLEN 

Bureau of Public Roads 


*Nonmember ACI. 


ASA Sectional Committee (A41) Masonry 
Watter J. McCoy 

Lehigh Portland Cement Co. 
ASA Sectional Committee (A42) Plastering 


Water J. McCoy 
Lehigh Portland Cement Co. 


ASA Sectional Committee (Z23) Sieves 


W. R. Waveu 
Office, Chief of Engineers, Dept. of the Army 
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ASTM Committee (C1) Cement 


Tuomas B. KENNEDY 
Waterways Experiment Station 


ASTM Committee (C-9) Concrete and Concrete 
Aggregates 


Harry F. THoomson 
Engineering Consultant 


Subcommittee I-d, Editorial and Definitions, 
ASTM Committee (C9) Concrete and Concrete 
Aggregates 


Epwarp E. Baver 
University of Illinois 


ASTM Committee (E5) Fire Tests of Materials 
and Construction 
G. E. Troxeui 


University of California 


American Welding Society (Subcommittee on 
Welding of Bars, Metal Inserts and Connections 
in R/C Construction) 


Put M. Fercuson 
University of Texas 


No more algebraic formu- 
las or calculations to make. 
Simply locate the table 
covering the member you 
are designing, apply span 
and load requirements, and 
then read off directly con- 
crete dimensions and rein- 
forcing steel data. Follows 
the latest codes and prac- 
tices. Send check or 
money order for your copy, 
today. 


Prepared by The Committee 
on Engineering Practice 


June 1958 


Concrete Industry Board (New York) 


Roger H. Corsperra 
Corbetta Construction Co. 


Concrete Reinforcing Steel Institute Committee 
on Awards 


VERNON P, JENSEN 
C. F. Braun & Co. 


Construction Specifications Institute 
Pauw F. Rict 
American Concrete Institute 
Highway Research Board 
KE. A. Finney 
Michigan State Highway Dept 
International Federation of Prestressed Concrete 
Curzon Dopett 
Preload Enterprises, In¢ 
Reinforced Concrete Research Council 


Cuarves 8S. Watney 
Ammann and Whitney 


NEW EDITION! 


Completely revised to conform to the recently 
amended A. C. |. BUILDING CODE 


REINFORCED CONCRETE 
DESIGNS — 
ALL WORKED OUT! 


OVER 450 PAGES 


$600 


POSTPAID : soe: Remwoncna Sree, be 


10-Day, Money-Back Guarantee 
No C.O.D. Orders 


CONCRETE REINFORCING STEEL INSTITUTE 


38 S. Dearborn St., (Div. J) Chicago 3, Illinois 
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Positions and Projects 





ACI Building Code translated into 
German 

A copy of Sammlung von Bauvorschriften 
fiir Stahibeton, a 
Code 
Concrete 


translation of 
Rein- 


been 


German 
‘Building fequirements for 
(ACI 318-56)” has 
Deutscher Beton 
Marginal notes in the German 


forced 
received from the Verein, 
Wiesbaden 
version refer to corresponding provisions in 
German engineering standards so that com- 
The German 


parisons may be made readily 


Concrete Association prepares translations 
of concrete regulations from different coun- 
tries for use by its members who may engage 


in construction abroad 


Swiss group visits ACI 

A group of Swiss architects and engineers 
on a study trip in the United States visited 
the new ACI headquarters building during 
their recent 2-day stay in Detroit. The group 
well the General Motors Technical 
Center, the Ford Motor Co. office building, 
Northland shopping center, and the Detroit 
Civic Center. 


saw as 


They were also briefed on 
Detroit's expressway and parking programs. 

Arthur J Giffels 
Rossetti, Detroit, served as their guide and 


Tennenbaum of and 


interpreter. 


University of Colorado structural 
conference 

The structural engineering conference held 
April 25 at University of Colorado was de- 
voted to reinforced concrete floor systems. 
Among the speakers on the program were: 
George Hansen, Sallada and Hansen; Ib Falk 
Jorgensen, consulting engineer; Samuel R. 
Judd, U.S. Bureau of Reclamation; Claude C. 
Klemme, Jr., Commercial Testing Labora- 
William C. Muchow, of Berne, Mu- 
chow, Baume and Polivnik; and Chet Schrep- 


tories; 


ferman, Brown and Schrepferman, all of 
Denver. 

Dutton Biggs, Portland Cement Associa- 
tion, City, Mo.; 
University of Colorado, Boulder; and C. L. 
Garrett, Portland Cement Association, Okla- 


homa City, also participated in the program 


Kansas James Chinn, 


sponsored by the department of civil engi- 
neering, University of Colorado, in coopera~ 


tion with the Portland Cement Association. 


Past president Moreell honored by 


engineers 


The Washington Award was recently pre- 
ACI past-president Ben Moreell, 
chairman of the board of Jones and Laughlin 


sented to 
Steel Corp., in recognition of “distinguished 
service as a skilled engineer, outstanding naval 
officer, industrialist, and Hoover Commission 
The 


the Western Society of Engineers on recom- 


associate.’ award is administered by 
mendation of a commission representing the 


American Society of Civil Engineers, the 


American Institute of Electrical Engineers, 
American Institute of Mining, Metallurgical 
and Petroleum Engineers, American Society 
of Mechanical Engineers, and Western Society 
of Engineers. 

During his nearly 30 years of naval service, 
Admiral Moreell rose from the ranks to become 
ever to 

When 
1946 he 


channeled his energies into directing Jones 


the only non-Annapolis graduate 
attain the permanent rank of admiral. 
he retired from 


active service In 


and Laughlin Steel Corp., where he launched 
a $500,000,000 expansion program 

Admiral Moreell became a member of the 
Institute in 1930, a member_of the board in 
1941. He 


served 12 years on the Institute’s board of 


February 1935 and president in 


direction. 


Eastern European research data 
made available 


Pergamon Institute, a nonprofit foundation, 
has recently been formed in Washington, D.C 
and is in course of formation in London, for 
the purpose of making available to English- 
scientists, doctors, and 


speaking engineers 


(from all countries that are members of the 
United Nations), the 


technological and medical research and de- 


results of scientific, 


velopment in the Soviet Union and other 


countries in the Soviet orbit. Persons desiring 
information on what is being published in the 


U.S.S.R. and neighboring countries may ap- 
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V tower foundations and anchorages 
Strengthened with 
LACLEDE PREFABRICATED REINFORCING 


KSD-TV's new 1152-foot television 
antenna tower in St. Louis, Missouri, is 
held upright by fifteen 2” guy cables 
secured to six massive underground 
concrete blocks. Each required approx- 
imately 100 cubic yards of concrete. 
Laclede reinforcing steels used in the 
anchors were shop weld-assembled to 
insure accurate fabrication, and proper 
distribution of the heavy design load 
requirements imposed upon the tower 
and its guys. 





Delivered to the job site ready for instal- 
lation, the reinforcing steel for each of the 
anchors was prefabricated and welded into 
units at Laclede's plant to insure maximum 
strength. 


ARCHITECT: —_— Obsta & Kossaboum Specify these Laclede Rein- 
CONSULTING ENGINEER: Wm. C. E. Seckor forcing Steels for Construction: 


CONTRACTOR: E. C. Mikkelsen 
Construction Company, Inc. multi-rib reinforcing bars * welded 
All of St. Louis, Missouri wire fabric * form and tie wire * 
spirals © stress relieved wire * cor- 
rugated steel centering * electrical 
weld gas tubing ® steel pipe * con- 
duit * wire strand for prestressing 


STEEL COMPANY 


Producers of Steel for industry and Construction 
SAINT LOUIS, MISSOURI 








NEWS 


ply to the Institute to receive, free of charge, 
a monthly contents list in English of all the 
significant articles and books being currently 
published in his field of interest in these 
countries. Full English translation of any 
article mentioned in these contents lists 
may be ordered, and the charge for such a 
translation will be on a cooperative cost- 
sharing basis. 

Pergamon offices are at 122 E. 55th Street, 


New York, N.Y. 


AASHO Road Test construction 
resumed 
Construction 
AASHO Road The 
$22-million will 
test widely varied thicknesses of pavement 


has been resumed at the 
Test at Ottawa, Il. 
highway research project 
under truck axle loads ranging from 2000 to 
30,000 Ib on single axles and 24,000 to 48,000 
lb on tandem axles. 

The test facility, six loops containing 836 
separate test sections, will be completed and 
ready for traffic in the late summer. The test 
sections will have nearly 200 different combi- 





WANTED 
ACI Proceedings V. 37 


Sept. 1940 ACI JOURNAL 
Feb. 1941 ACI JOURNAL 


ACI Publications Department 











nations of thicknesses of surfacing and under- 
lying layers of material. 

Traffic will run in 10 lanes in five test loops 
about 18 hours a day, 6 days a week for 2 
years. A complete system of instruments, 
many developed specifically for the project, 
will help measure and record the effects of the 
traffic on the pavements. 

The project is sponsored by the American 
Association of State Highway Officials, and 
administered by the Highway Research Board 
of the National of 
National Research Construction 
of the test facility is being directed by the 
Illinois Division of Highways with a special 
task force under the supervision of W. E. 
Chastain, Sr., engineer of physical research. 


Academy Sciences 


Council. 


LETTER 41 
Argentina engineer inspects ACI 
headquarters 

Ernesto Garcia Ollno, Buenos Aires engi- 
ACI 
Ollno reported that Argentine engineers 


neer, visited 
Mr. 
and builders are greatly interested in the 
building and material of the 
United States. 


headquarters recently. 


standards 


Mr. Ollno, representing the Division Tec- 


nica de Vivienda y Urbanismo del Centro 


Argentino de Ingenieros and Fundacion 
Migone del Centro Argentino de Ingenieros, 
has been touring the United States to study 
building standards and specifications, new 
materials, and construction techniques, par- 
ticularly those that could be applied in the 


construction of low cost housing in Argentina. 


Revised concrete mixer standard 
The of 
America has released the 23rd revision of its 


Associated General Contractors 
This standard was 
first prepared by the Mixer Manufacturers 
Bureau, an affiliate of the AGC, in 1924 and 
now includes specifications for construction 


concrete mixer standard. 


mixers, paving mixers and plaster and mortar 
mixers. 

The 1958 
facturers 


officers of the Mixer Manu- 
Bureau include A. K. Thomas, 
Chain Belt Co., chairman and W. A. Clayton, 
T. L. 


Smith Co., vice-chairman. 


Vermiculite Institute 17th annual 
meeting 


Confidence in the nation’s economy and a 
bright future for the construction industry 
was the keynote of the 17th annual meeting 
of Vermieulite Institute recently in Chandler, 
Ariz. J. Brooks Robinson, vice-president of 
Robinson Insulation Co., Great Falls, Mont., 
Two 
were also named: Shelton W. Greer, president 
of Vermiculite Products, Inc., Houston, Tex., 
and L. G. MeDiarmaid, president of Insula- 
tion Industries (Canada), Ltd., Vancouver, 
B. C. 

C. 
Institute’s concrete and roofing committee, 


was elected president. new directors 


R. Babb, chairman of the Vermiculite 


discussed a roof system that shows promise 
It consists 
of concrete joist framing with a steel welding 


for schools and similar buildings. 
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WHEN THEY ASK... 








add extra years of life to concrete with 
CLINTON WELDED WIRE FABRIC 


Experienced contractors know that 
fabric-reinforced concrete lasts 
longer. And over the years it looks 
better and requires much less main- 
tenance than unreinforced concrete. 
Fabric-reinforcement gives these ad- 
vantages because it adds the tensile 
strength of steel to concrete... resists 
the heaving and cracking caused by 
temperature extremes and moisture 
content .. . minimizes cracking dur- 
ing setting . . . and distributes stress 
evenly in all directions. 


Even if a crack does develop, the 
fabric holds it tightly together, pre- 


oe 


"ait 
— SAY YES...WITH 


serves the smooth surface, and re- 
tards further lengthening of the crack. 
No other type of reinforcement is so 
easy to install, yet gives so much 
extra strength for so little cost. 

Clinton Welded Wire Fabric is a 
top-quality product that is readily 
available in both East and West, ina 
wide variety of gages, lengths and 
widths. On your next job, add the 
tensile strength of steel with Clinton 
Welded Wire Fabric, and rest as- 
sured that you’ve built a concrete 
surface that will last longer with 
minimum maintenance. 


CLINTON 


WELDED WIRE FABRIC 
THE COLORADO FUEL AND IRON CORPORATION 





THE COLORADO FUEL AND IRON CORPORATION—Albuquerque + Amarillo + Billings+ Boise + Butte» Denver+ El Paso + Ft. Worth 
Houston + Kansas City + Lincoln + Los Angeles + Oakland » Oklahoma City + Phoenix + Portland + Pueblo + Salt Lake City 
San Francisco + San Leandro + Seattle - Spokane + Wichita « WICKWIRE SPENCER STEEL DIVISION—Atianta » Boston « Buffalo 

Chicago + Detroit - New Orleans + New York + Philadelphia + CF&l OFFICES IN CANADA: Montreal » Toronto 
CANADIAN REPRESENTATIVES AT: Calgary » Edmonton * Vancouver + Winnipeg 6085 
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strip cast into the top chord of the joist. 
welded to the 
strip, and a 1:6 mix of vermiculite concrete 
The 


side of the steel is sprayed with vermiculite 


Galvanized steel sheets are 


is placed to desired thickness. under 


acoustical plaster for noise control and a 
favorable fire rating. 

Thus far the system has been used primarily 
in southern areas of the nation One Major 
advantage is that any type of conduit can be 
run on top of the metal sheets and covered 


with concrete, Mr. Babb said 


Folded plate seminar in Michigan 

The 
Society of Civil Engineers in conjunction with 
the Portland Cement 
a seminar on folded plate structures in four 
May 1-22 in 


included 


Michigan section of the American 


Association presented 


consecutive weekly lectures 


Detroit. Subjects covered basic 
theory of folded plates, analysis of folded 
plates, construction methods, and model 
analysis. 

Among those participating in the program, 
most of whom are ACI members were: Elihu 
Detroit; J. 


Portland Cement 


Geer, University of Gardner 
Martin, 
sing; Linn Smith of Smith, Tarapata and 
MacMahon, Inc., Birmingham, Mich., 
W. C. Krell, PCA, Detroit 


Others on the 


Association, Lan- 


and 


program included 
Dudley Newton, Wayne State University, 
Detroit; A. L. Parme, PCA, Chicago; and 
L. K. Welch, Eberle M. Smith and Associates, 
Detroit. 

The last of the lecture series featured J. R. 
Ferndale, Mich.; 
Shmina, both of 
Mich.; J. M. 
Paulson, Wayne State University, Detroit; 
and L. C. 
Ann Arbor. 


lecture 


Strang, Pulte-Strang, Inc., 
W. L. Baxter and A. A. 
Shmina and Sons, Dearborn, 


Maugh, University of Michigan, 


Conference of Canadian building 
officials 


The annual conference of the Building 
Officials of Canada was held April 14-16 at 
Ottawa. Highlight of the 3-day meeting was 
a talk by Walter Federal 


District Commission on the National Capital 


Bowker of the 


Plan, followed by a tour of FDC projects in 
the national capital area. 

The Building Research, Na- 
tional Research Council (Canada), conducted 


Division of 


a question-and-answer session on application 
and interpretation of sections of the National 
Building Code and presented a& paper on new 
building materials and methods of construc- 
tion, particularly in the fields of curtain wall 


construction, cellular concrete, and plastics 


Concrete leaders visit Germany 
and Russia 
ACT past-president, Walter H 


of the engineering laboratories, U. 8 


Price, head 
Bureau 
of Reclamation, Denver, recently returned 
from Europe where he attended the Third 
International Congress on Prestressed Con- 


crete held May 5-10 in Berlin. Mr 


spent ten days touring 


Price also 
tussia, visiting con- 
shell 


panel, precast and prestressed concrete were 


struction sites where large and large 


being used. Returning to Belgium on May 21, 
Mr. Price attended the 
bition at 
United States 


International Exhi- 


his return to the 


Brussels before 
attended the 


{ussian tour 


Others who 
congress and made the 


Ben C 


San 


prestressing 
included 
Ben C. Gerwick, Inc., 
Portland 
Cement Chicago; David P 
Billington, Roberts and Schaefer Co., New 
York; T. Y. Lin and Boris Bresler, both of 
the University of Berkeley 


American 


Gerwick, Jr., 


Francisco; James D. Piper, 


Association, 


California, 
Professor Lin acted as head of the 


delegation. 


PCA opens Rocky Mountain 
regional office 


Establishment of a new regional office in 


Denver, Colo., has been announced by G 
Donald Kennedy, president of the Portland 
W. Thorson, 


in charge of the association’s district office in 


Cement Association. Edward 
Denver since 1946, was appointed regional 
Apr. 1, 
supervise 
Lake City, Utah, and 
in addition to Denver 
PCA contin- 
uously since 1934 except for 41 vears service 
as a naval officer during World War II. He 
is a member of ACI and currently is president 
National 


manager-district engineer effective 
1958. In this 
district offices in Salt 
Helena, Mont., 


Mr. Thorson has been with 


position he will 


of the Colorado chapter of the 
Society of Professional Engineers 
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Newlin Dolbey Morgan 


Newlin 
emeritus of 


Dolbey 
architectural engineering, 


Morgan, Sr., professor 
Uni- 
versity of Illinois, died in Laramie, Wyo., 


March 7. A graduate of the University of 


Colorado in 1910, he received his MS and CE 
degrees from the University of Illinois. 

Illinois 
constituted the major portion of his profes- 
life, 


among students, from 


Teaching at the University of 


sional where for 30 years he worked 
1924 to 1928 in the 
civil engineering department and from 1928 
until his retirement in 1954 in the department 
this 


time he was a member of a number of profes- 


of architectural engineering. During 
sional and honorary societies including ACI, 
Architects, 
Society of Civil Engineers, Sigma 
Tau Beta Pi. 


American 


Xi, and 


American Institute of 


Professor Morgan was one of ACI’s most 
He is credited with 
members for the 


prolific member-getters. 
securing 250 


Institute. 


over new 

In June 1955 the College of Fellows of the 
American Institute of Architects 
citation honoring him for meritorious teaching. 


issued a 


A recognized authority in the field of concrete, 


THE AMERICAN CONCRETE INSTITUTE 


June 1958 
two of his best known books are Continuous 
Frames in Reinforced Concrete and Statically 
Structures, which he co- 
authored with Professor Hardy Cross, Yale 
University 


Indeterminate 


Alden K. Fogg 


Captain Alden K. Fogg, CEC, United States 
Navy, retired, died April 25 Diego, 
Calif. Born in Lowell, Ill. in 1892, Captain 
Fogg graduated from the University of Illinois 
in 1915. 
in 1917, 


Cx rps 


at San 


He was commissioned in the navy 


and served in the Civil Engineer 


with great distinction until his re- 
tirement in 1948. 


of Merit and Letter of Commendation for his 


He was awarded the Legion 


outstanding performance of duty during 


World War Il. 

After retirement Captain Fogg became city 
engineer for San Diego. He was a member 
of the American Concrete Institute, American 
Society of Civil Engineers, and the American 
Public Works Association 


Rudolph Saliger, European pio- 
neer in reinforced concrete 


tudolph Saliger, one of the last surviving 
European pioneers of reinforced concrete died 
Jan. 31, 1958in Vienna, Austria. He obtained 
his doctor’s degree from the Technical Uni- 
versity in Vienna in 1903 on the basis of his 
Materials 
with Variable Elasticity, Especially of Re- 


dissertation ‘“‘Stress Conditions of 


inforced Concrete.”’ In 1908 he was appointed 
associate professor at the Technical University 
in Prague, introducing new classes on re- 
inforced concrete and structural analysis. In 
1916 two of his courses, reinforced concrete 
for civil engineers, and theory of reinforced 
concrete structures, started at the Technical 
University in Vienna. 

Professor Saliger published 30 books as well 
as some 300 technical papers; his books have 
been translated into several languages. He 
had been widely honored for his achievements 
After his 
election as dean of the department of civil 


as engineer, teacher, and scientist. 


engineering he became president of the Tech- 
Other 
honors followed, including membership in the 


nical University in Vienna in 1924. 


Academies of Sciences in Prague and Vienna. 
g 
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_ Who’s Who 


Frank H. Jackson 


“Long-Time Study of Cement Performance 
Chapter 11—-Report on the 
Condition of Three Test Pavements After 15 
1017 was 
Frank H. Jackson, engineering 
consultant, Chevy Chase, Md 


in Concrete. 
Years of Service’? appearing on p. 
prepared by 


Past president of ACI, Mr. Jackson is well 
known to JouURNAL readers and has been active 
affairs 1924. He 
awarded, along with Harold Allen, the ACI 
Wason Medal for ‘“‘the 
paper’ in 1948 for “Concrete Pavements on 


in Institute since was 


most meritorious 
the German Autobahnen.’’ Associated with 
the Bureau of Public Roads from 1905 until 
his retirement in 1953, he has received recog- 
nition from several organizations for his work 
in the highway field, including the Distin- 
guished Service Award of the Highway 
Research Board in 1948 and the Meritorious 
Award of the U. §8. 
Commerce in 1950. 


Service Department of 

Mr. Jackson is an honorary member of ACI 
and of the 
Materials. He currently is serving on ACI 
Committee 201, Durability of 
Service; 212, 


Recommended 


American Society for Testing 
Concrete in 


Committee Admix‘tures; and 


Committee 613, Practice for 


Proportioning Concrete Mixes. 


Tien S$. Chang and Clyde E. Kesler 


Co-authors Chang and Kesler have studied 
“Static 


Beams 


and Fatigue Strength in Shear of 


with Tensile Reinforcement’’ pre- 


sented on p. 1033. 

Tien 8S. Chang is a graduate of the University 
of Illinois where he spent the last 5 years on 
the experimental and theoretical studies of 
viscoelasticity, fatigue and creep of concrete, 
and rheology. He is presently an associate 


professor of the department of applied 
mechanics at the Virginia Polytechnic Insti- 
tute, Blacksburg, where he is now actively 
engaged in the research of sonic testing, 
supersonic compressors, and magnetohydro- 
He is a member of ACI, ASTM, 


and other professional societies. 


dynamics. 


This Month 


Clyde E. Kesler, professor of theoretical and 
Illinois, 


Urbana, has had many technical papers pub- 


applied mechanics, University of 
lished describing research in fatigue, creep, 
and sonic behavior of concrete. He graduated 
from the University of Illinois and has served 
as a consultant on industrial problems and 
research. He is a member of many honorary 
and professional groups including ACI, Ameri- 
ASTM 


Active in ACI committee work, Professor 


can Society of Civil Engineers, and 
Kesler is now a member of Committee 209, 
Volume Changes and Plastic Flow in Concret« 
215, 


He also serves on the 


and Committee Fatigue of Concrete 
Institute’s Technical 


Activities Committee 


Paul J. Fluss 


“Uniform Structural Aggre- 


gate Concrete Through Careful Proportioning 


Lightweight 


and Control,’’ on p. 1059, is the work of Paul 
J. Fluss, testing engineer, San Francisco Port 
Authority, San Francisco. 

After studying chemical engineering at the 
Institute of Technology in Vienna, Mr. Fluss 
was engaged in the asphalt and highway con- 
struction industry in Austria from 1922 until 
the outbreak of World War II. 
this country in 1940 where he worked in the 


He came to 


varnish and rubber industry, doing research 
and testing. 

In 1947 he became testing engineer of the 
San Authority. In 


pacity he designs, tests, and evaluates all 


Francisco Port this ca- 
materials used for marine construction, con- 
crete being the most important of the ma- 
terials investigated. Mr. Fluss joined the 
Institute in 1953. 


Paul Klieger 

Another research paper prepared by Paul 
Klieger, “Effect of Mixing and Curing Tem- 
perature on Concrete Strength,’ appears on 
p. 1063. 

Mr. Klieger is senior research engineer, ap- 
plied research section, Portland Cement As- 
After graduating from 
the University of Wisconsin in 1939, he worked 


sociation, Chicago. 
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for a short time with the Soil Conservation 
Service of the U.S. Department of Agriculture. 
In 1941 he joined the research staff of PCA. 
Army service interrupted his career from 1942 
to 1945, but he then returned to PCA re- 
search and development laboratories. 

Mr. Klieger, a member of ACT, has had a 
number of technical papers published in the 
ACI Journat and the Highway Research 
Board’s Proceedings and Bulietin. He is 
a member of ASTM Committee C-9 on 
Concrete. 


Andrew Gallia 

“Precast Reinforced Concrete Slab Bridges 
with Stiffened Edges,”’ p. 1083, was submitted 
by Andrew Gallia, senior civil engineer, de- 
partment of public works, Hobart, Tasmania, 
Australia. 

After graduation in civil engineering from 
the University of Berlin, Germany, in 1924, 
Mr. Gallia engaged in varied engineering work 
in Europe, North Africa, and Persia. In 1953 
Mr. Gallia had the opportunity of studying 
prestressed concrete bridges in France, Bel- 
gium, Switzerland, and England. He is a 
member of ACI, the Institution of Engineers, 
Australia, and the International Association 
for Bridge and Structural Engineering. 

Mr. Gallia has been carrying out extensive 
research work on the distribution of wheel 
loads on highway bridges with particular 
reference to with stiffened edge 
members, and several of his articles have 
been published in technical journals here 
and abroad. 


bridges 


C. E. Lovewell and 
George W. Washa 


“Proportioning Concrete Mixtures Using 
Fly Ash,’”’ p. 1093 was co-authored by C. E. 
Lovewell and George W. Washa. 

C. E. Lovewell, sales manager and service 
engineer, Chicago Fly Ash Co., Chicago, is a 
graduate of the University of Wisconsin and 
has particinated in various research pro- 
In the thirties he 
was engaged in research at the National 
Bureau of Standards; later he was field engi- 
neer for the New York and New Jersey Brick 
Manufacturer’s Association. He then spent 
9 years with the Cement Co., 


grams for many years. 


Louisville 


June 1958 


further sharpening his interest in concrete, 
concrete products, and research. Mr. Love- 
research and 
chief engineer for the Carney Co., Mankato, 
Minn., leaving this organization in 1951 to 
make his present affiliation. 


well then became director of 


He is now engaged in two research programs: 
one, in association with Professor Washa at 
the University of Wisconsin, and the other in 
association with Prof. P. W. Manson, Univer- 
sity of Minnesota. Mr. Lovewell joined ACI 
in 1956. 

G. W. Washa is professor and chairman of 
the department of mechanics at the University 
of Wisconsin, where he graduated in 1938. 
An active ACI member since 1940, Professor 
Washa has been a frequent contributor to the 
JOURNAL. In 1940 he was awarded the Wason 
Medal for Research for work reported in his 
paper “Comparison of the Physical and Me- 
chanical Properties of Hand Rodded and 
Vibrated Made with Different 
Cements.”’ 


Concrete 


Professor Washa, a former director of the 
Institute, is chairman of ACI Committee 115, 
Research, and a member and former chair- 
man of Committee 213, Properties of Light- 
weight Aggregates and Lightweight Aggregate 
Concrete. He is also a member of ACI Com- 
mittee 609, Compaction of Concrete by Me- 
chanical Means, and Committee 613, Recom- 
mended Practice for Proportioning Concrete 
Mixes. 


Earl B. Cohn and W. A. Wall 


“Military Personnel Records Center Built 
Without Expansion Joints’’ is described on 
p. 1103 by Earl B. Cohn and W. A. Wall. 

Earl B. Cohn, head of structural design 
unit, Kansas City District Office, Corps of 
Engineers, is in charge of supervising struc- 
tural design for dams and buildings prepared 
in the district office; he also reviews structural 
design prepared by architect-engineers for 
buildings used at military installations. 

Mr. Cohn’s experience includes work with 
American Bridge Co. and Missouri Pacific 
Railroad Co. before joining the Corps of 
Engineers in 1934. In his present position 
he has supervised design of Harlan County 
Dam, Tuttle Creek Dam, and Pomme de 
Terre Dam. In addition to the Military 
Personnel Records Center, he has reviewed 





FIRST NEW HIGHWAY-ACT PAVEMENT... BUILT IN 1957 


IPOz4z740) ocr * improved concrete 


recommended 
with confidence 
for projects like this... 





Above: Section of U.S. Route 40, west of 
Topeka. Kansas State Highway Commis- 


.. because of performance sion. Contractor: Koss Construction Co. 
Below: Route 5, approximately 5 miles 


on projects like this... east of Erie. Pennsylvania State Highway 
Department. Contractor: Geo. S. Mellert- 
Weidner Company. 


BUILT IN 1942... 


... concrete is 
in exceptionally good 
condition today. Another 
project where superior 
durability was obtained 
economically with 
PozzOLITH-improved concrete. 


*POZZOLITH ... registered trademark of The 
Master Builders Company for its water-re- 
ducing, air-entraining admixture for concrete. 





THEMASTER BUILDERS company 


DIVISION OF AMERICAN-MARIETTA CO. 
General Offices: Cleveland 3, Ohio * Toronto 9, Ontario * Export: New York 17,N. Y. 
Branch Offices in All Principal Cities * Cable: Mastmethod, N. Y. 
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design of buildings such as the hospital at 
Fort Riley, Kan., and the Academic Building, 
Fort Leavenworth, Kan. 

W. A. Wall is head of the architectural unit 
of the Kansas City District Office, Corps of 
He graduated from Montana 
State College and started his career with the 
1934 as a 
employee on the world’s largest hydraulic 


Engineers. 


Corps of Engineers in civilian 


june 1958 
has been on the staff there since 1949. Born 
in Poland, Dr. Freudenthal graduated from 
the Technische Hochschule in Prague, Czecho- 
slovakia, and received the Docvor of Engineer- 
ing Sciences degree in 1930. In the same year 
he completed the curriculum in theoretical 
physies at Charles University, Prague. He 
has worked as design engineer and superin- 
tendent of construction on various reinforced 





program. 


up each convention session. 





LOS ANGELES IN °S9 


ACI's Technical Activities Committee is already looking forward to the 1959 convention in 
Los Angeles; program plans are taking shape. 

Those who intend to offer papers for presentation at the 55th I ti hould write 
to Institute headquarters before July 1, furnishing a synopsi 
of the proposed paper and indicate features that the author thinks will justify its inclusion in the 
Contributors should have preliminary drafts of manuscripts in the hands of the 
Technical Activities Committee for appraisal and acceptance by Sept. 15, 1958, and final manu- 
scripts of accepted papers will be due Jan. 1, 1959. 


From the replies received and suggestions from other sources, TAC will select papers to make 


Write Institute headquarters NOW about the papers YOU want to 
see on the 1959 program. 








which should make clear the scope 








earth fill dam at Fort Peck, Mont. Later he 
was Office engineer for the Kanopolis Dam at 
Elisworth, Kan. Since 1942 he has been in 
the Kansas City office acting in 
capacities of design, research, and administra- 
Besides the 
Military Personnel Records Center, he has 


various 
tion of civil and military projects. 


been design project engineer for the A. G. 
Publication Center, St. Louis, Mo.; the Kansas 
City Veterans Administration Hospital; Com- 
mand and General Staff College, Fort Leaven- 
worth; all types of military construction, 
including enlisted men’s housing; office quar- 
ters, and other station facilities at Fort Riley 
and Fort Leavenworth, and at Fort Crowder 
and Fort Leonard Wood in Missouri. 


A. M. Freudenthal 
and Frederic Roll 

Combining their research efforts, A. M. 
Freudenthal Frederic Roll 
authored a “Creep 


and have co- 
paper, 


Recovery of Concrete Under High Compres- 


and Creep- 


sive Stress’ appearing on p. 1111. 
A. M. Freudenthal, professor of civil engi- 
neering at Columbia University, New York, 


concrete projects in Czechoslovakia, Poland 
and Palestine. During the war he was con- 
sultant to the chief engineer of the British 
Forces in Palestine and Transjordan. Prior 
to coming to the United States in 1947, Dr. 
Freudenthal was associated for 10 years with 
the Hebrew Institute of Technology, first as 
lecturer, later as professor of civil engineering. 
to the United 1947, 
joined the faculty of the University of Illinois, 
then practiced as a civil engineer in New York, 
before assuming his present duties. 


He came States in 


Author of a number of technical papers and 
handbooks which have been published in this 
country and Europe and of a monograph on 
composite columns in reinforced concrete, 
Dr. Freudenthal was awarded the Norman 
Medal of the American Society of Civil Engi- 
His text- 
Materials 
1950, has 
translated into German and Japanese. 


neers in 1949 and again in 1958. 
book, 


Structures, 


Inelastic Behavior of and 


published in been 

Frederic Roll is associate professor in civil 
engineering at the University of Pennsylvania, 
Philadelphia. A graduate of Columbia 
University, he previously taught at the Col- 
lege of the City of New York and Columbia 
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University. He has also worked in private 
engineering firms as a stress analyst and high- 
way and highway bridge designer LOOKING AHEAD 

Dr. Roll has conducted numerous research 
Sept. 15, 1958—6th International 


me Skea At! Congress on Large Dams, New 
have been specific studies in reinforced and York, N , 2 


plain concrete. He is a member of ACT and 
several other professional societies and _ is Sept. 21-25, 1958—Prestressed Con- 
currently a member of ACI-ASCE Committee crete Institute, Fourth Annual 
Convention, Edgewater Beach 


Hotel, Chicago, Ill. 


projects and industrial tests many of which 


326, Shear and Diagonal Tension 


_ ; Oct. 27-29, 1958—American Con- 
Roebling appoints Stansbury crete Institute, Regional Meeting, 
ae Statler Hotel, Detroit, Mich. 

Lloyd F. Stansbury has been made West 
Coast supervisor for the construction materials Nov. 18-20, 1958—American Stand 
division, John A. Roebling’s Sons Corp., ards Association, Ninth National 
replacing the late tobert J Cole Conference on Standards, Hotel 
: ' Roosevelt, New York, N. Y 

Mr. Stansbury will be in charge of the di- 
vision’s sales in the 11 western states, Alaska, Feb. 23-27, 1959-—American Con- 
and the Hawaiian Islands. He has been as- crete Institute, 55th Annual Con- 
sociated with the Seattle district office of the vention, Statler-Hilton Hotel, Los 
Roebling firm for the past 5 vears His new Angeles, Calif. 


headquarters are at the Roebling San Fran- 





cisco district offices 








ee Se aoe 


APPLICATION OF STEEL STRAPPING to replace hoops of reinforcing rod in the manu- 
facturing of prestressed concrete beams has been developed. The strapping is ap- 
plied after the tensioning strands have been run out and is best applied while the 
strand is under tension. Passing the flexible steel strap around a bundle of strand 
involves no risk of snagging, kinking, or nicking. Workman here engaged in the 
strapping operation can use single tool for tensioning, sealing, and cutting the strap. 
Even when working under adverse conditions, one man can apply tension and seal 
at least 20 loops of strap in an hour, including his time moving from point to point 
along the casting bed. Under more favorable conditions he could apply up to 60 
loops per hour. According to the Signode Steel Strapping Co., Chicago, a typical 
loop of strap together with the necessary sealing material will cost less than six cents 
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Honor Roll 


January 1—May, 1958 


Blas Lamberti is still in first place on the Honor 
Roll and he has raised his credits to 14. Joseph J. 
Waddell is in second place with 10 credits and Phil 
M. Ferguson is third with 8 credits. 


The ACI Honor Roll emphasizes your continuing 
interest in Institute work by the promotion of new 
members. Each month, the Honor Roll lists the 
individuals who have extended their interest in ACI 
to their associates by inviting them to join the 
American Concrete Institute. Through the Honor 
Roll, ACI recognizes the efforts of each individual 
in furthering the influence of ACI. Will your name 
top the list next month? 


Blas Lamberti 
Joseph J. Waddell 
Phil M. Ferguson 
Ernst Maag 


Ernest L. Spencer 
Celso A. Carbonell 
L. M. Legatski 

J. P. Thompson 

P. E. Ellen 

Paul A. Hansen 
Samuel Hobbs 
Kenneth M. Huber 
Frank E. Legg, Jr 
H, P. Mittet 
Jerome M. Raphael 


Byron P. Weintz 
William M. Avery 
Luther E. Bell 


W. S. Cottingham 
Jaime de las Casas 
Aleck S. Evans 
Martin J. Gutzwiller 
Arch Hull 

Thomas C. Kavanagh 


Carl O. Knop 

E. Vernon Konkel 
Carl H. Koontz. . 
George Kurio 

James R. Libby 
Ciceron Hiedras Lopez 
William McGuire 
Douglas McHenry 
George A. Mansfield 
Bryant Mather 

Frank B. May 

James A. Murray 


June 1958 


Wendell H. Nedderman 
H. C. Pfannkuche 
Walter H. Price 

Abdur Rahman S. Rasul 
Clarence Rawhauser 
Francesco Sardella 

C. H. Scholer 

George Shervington 
Howard Simpson 
Donald L. Strange-Boston 
T. W. Thomas 

Ellis S. Vieser 

Jose Antonio Vila 

Ivan A. Villamil 
Tsu-ming Yang 


New Members 


The Board of Direction approved 91 Individual 
applications, 4 Corporations, 8 Juniors, and 16 
Students, making a total of 119 new members. 
Considering losses due to resignations, nonpayment 
of dues and deaths, the total membership on May 1, 
1958 was 9454, 


Individual 


Apams, Ricuarp §S., Anchorage 
Arctic Alaska Testing Labs. 
ALonso, Mario Lens, Habana, Cuba (C. E. & Arch. 
Aras, Unpis, Regina, Sask., Canada (Draftsman 
Stock, Ramsay & Assoc.) 

Armour, Cuarues R., Atlanta, Ga. 
Hunter) 

ArMsTRONG, ARNOLD H., Laprairie, Que., Canada (In 
spector, St. Lawrence Seaway Authority) 

Austitt, Cot. Hurigzosco, Mobile, Ala. (Cons. C. E.) 

Banert, Javap, Mechanicsburg, Pa. (Bridge Designer 
Dept. of Hwys., Harrisburg, Pa.) 

Beck, J. S. R., Dundas, Ont., Canada (Mer., 
Div., C. C. Parker & Assocs., Ltd.) 
BorumiG, Rovert L., Jonesboro, Ga. 

Boehmig & Tindel, Inc.) 
Bonner, Lane L., Jr., Charleston, 8S. C. (Sales Dept. 
Polychemicals Div., West Virginia Pulp & Paper Co 
DraANIcHAK, M., Tonawanda, N. Y. (Linde Co., Div. of 
Union Carbide Corp.) 
Bricketr, Epwarp M., St. 
struction Chemicals, Inc.) 
Brock, Georrrey, Birmingham, England (Lecturer in 
Civil Engrg., The University) 

‘aRDAzzI, Errore, Los Caobos, Caracas 
(C. BB.) 

‘ASTORINA, Louis L., 
Concrete) 

‘otpy, Raupx 8., Merrimac, Mass. (Test Engr., 
Mfg. Corp., Research & Advanced Dev. Div.) 

‘oLEMAN, R. C., Fargo, N. D. (C. E. in chge. of Fargo 
Office, Kirkham, Michael & Assoc.) 

‘oopeR, DoNna.p 8., Lafayette, Ind. 
Walter Scholer & Assoc.) 

‘oose, Harowp E., St. Louis, Mo. (Head Engr., Struct. 
Section, Bridge Div., Sverdrup & Parcel, Inc.) 

‘UNNINGHAM, Henry Josepu, San Francisco, Calif 
Chf. Struct. Engr., Thomas B. Bourne Assoc.) 
aRVAS, Ropert M., Chicago, Dl. (Civil & Struct 
Engr., Skidmore, Owings & Merrill) 

De Paout, Ropotro, Montreal, P. Q., Canada (Struct 
Engr., Truscon Steel Co. of Canada, Ltd.) 
uncAN, Ropert A., New York, N. Y. (Tech. Repres. 
North American Cement Corp.) 

‘Luis, Paut, University Heights, Ohio (Gen. Contr 

2RLAND, Metvin A., Portland, Ore. (Pres., Gen. Magt., 
Ready-mix Concrete Co.) 

Eroskey, Frank, Cleveland, Ohio (Owner, Frank 
Eroskey & Assocs., Struct. Engrg., Cons. Engr.) 


Alaska (Cons. Engr 


Engr., Harry G 


Bidg 
Morris 


(Pres. 


Paul, Minn. (Pres., Con 


Venezuela 
Oceanside, N. Y. (Reinforced 


Avco 


(Struct. Engr. 
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topeERT C Buffalo, N. ¥ Field Engr 
Erdman, Anthony & Hosley) 

FonTAINE, Ricwarp E., Worcester, Mass. (Asst. Chf 
Draftsman, Morgan Constr. Co.) 

Gatvez, Pepro R., Miraflores 
Corporacion Peruana del Santa 

GNAEDINGER, JOHN P., Chicago, Ill. 
Services, Inc.) 

Gray, J. ASHTON 
crete design, control 
Stress, Inc. 

GREENBANK, Ear E. 
Services, Inc 

GrossMan, Perer, Vancouver 
Vancouver Public Library 

GuiILtLerMety, GreorGce M., Ann Arbor 
Stud. in C. E., U of 

Harvie, Frank B 
Supv., Fluor Corp.) 

Houtman, Irvin C., Fargo, N 
Assocs. 

Houtman, "LacpH M., Pasco, Wash Field 
Western Projects, Holman Erection Co.) 
Hosaka. Ronert M., Honolulu, Hawaii (C. E 

Div DPWO 

Hvunta, Ricnarp S., Chicago, Ill. (Mng. Editor, Con 
crete Products Magazine, Maclean-Hunter Publishing 
Corp 

ILGenrritz, J. J., Washington, D.C. 
& Inspections, D. C. 

Imam Anmap, 8. A., Dacca, East Pakistan (Exec. Engr 
Sole Chge of Hwy Bridge Design, Gov't of East 
Pakistan, Dept. of Communications & Bldgs. 

Iverson, Donavp E., Madison, Wis. (Arch., Law, Law 
Potter & Nystrom 

Jenprosz, BERNARD Karon, Ottawa, Ont 
Cons. Engr., Dept. of National Defence 

Jessen, R. A., Chicago, Ill. (Div. Mgr., Sika Chemical 
Cc. 


rm 


FERRIS 
Lima, Peru (C. E 
Pres., Soil Testing 


Mer. & Techn, Con 
inspection, Dura 


Leesburg, Fla 
placing «& 
Ebasco 


Oregon City Ore 


B. C., Canada (Director 


Mich 


Grad 


Downey. Calif Design Engrg 


D. (Struct 


Engr. 
Mneg. of 


Maint 


Dept. of Licenses 


Canada 


Jounis, Steve, Lowell, Mass. (Struct. Engr., Metcalf 
& Eddy 

Keviy, Erwin C., Cincinnati, Ohio (¢ 
Hixson Tarter & Assoc 

Kiet, A., EEFDI G 
Delft Techn Un 

Kiem, Atrrep H. 
Chemical Co 

Knarr, Roverr E., Corpus Christi, Tex 
Halliburton Portland Cement Co.) 

Kravusser, J .. Cineinnati, Ohio Assoc Dir. of 
Constr. Dept., Engrg. Div., The Proctor & Gamble 
Co. 
Lewkowicz, Janusz Jozer, Accra 
Engr., Gammon Ghana Ltd.) 
Matton, Artuur H., Milton, Mass Asst 
Civil Engrg., Merrimack College 

Martin, Cuarves F., Jr., Fargo, N. D. 
Testing, Constr. Line 

McGratn, Josepn K Arlington 
Struct. Engr., Kraft Foods 

Means, Jack A., Reno, Nevada (Cons 

Meta, Lvuia!, Caracas, Venezuela (C Y 

Mipa.iey, Westey R., Monroeville, Pa. 
Steel Applied Research Lab 

Noyes, Haypon T., New York, N. Y. (Chf. Engr., Hd 
of N. Y. Engrg. Dept., Turner Constr. Co.) 

Ocawa, Tosut, Oakland, Calif. (C. I Haluk Akol 
Struct. Engr. 

OstTaPpenko, ALexis, Bethlehem, Pa Asst 
Civil Engrg., Fritz Lab., Lehigh Univ 

Pieper, Dr. Inc. Kvaus, Lubeck, Germany 
Mer. of Bauverwallung der Stad! Lubeck) 

PortTFrie_p, Joseru, Los Angeles, Calif. (Cons 

REICHARD Washington, D. C. 
Testing, Physicist, NBs) 

Rerzvarr, WituiaM A., Milwaukee, Wis. (Sec. 
Mer., State Sand & Gravel Co. 

Rosner, ARNOLD 8., Youngstown, Ohio (Cons 

Russe, C. F., San Francisco, Calif. (Distr. Mgr 
burgh Testing Lab.) 

Sasi, Mario, Vibora, Havana, Cuba (C. E.) 

Sarapu, Fevirx Ricuarp, Lane Cove, NSW, Australia 
(Sr. Design Engr., Woolacott, Hale & Bond) 

SavRAN, Manvet, Linden, N. J. (Design Checker & 
Supv., Ramseyer & Miller) 

Scuarir, ALEXANDER, Hunibach-Thun, Switzerland 
(Engr., Schafir & Mugglin Bauunternehmung AG 
Zurich) 


& Struct. Engr 


Netherland (Cons. Engr 


Stauffer 


Griffith, Ind ( I 


Tech. Dir 


Ghana (Sr. Design 
Prof. of 
Engr., Civil 
Heights, Ill. (Chf 


Engr., Struct 


Engr., U. 8 


Prof. of 
Baurat 


Engr.) 


Tuomas W., Lab. 
Treas 


Engr 
Pitts 


LABYRINTH 
WATERSTOPS 


A SOUND INVESTMENT 
FOR CONCRETE CON 
) 


| \ 
\ 


a 


LABYRINTH AVAILABLE IN 2, 3 or 4 rib. 
ON YOUR CONSTRUCTION : 


1. Consider the investment in design, materials 
and labor (to mention a few). 


2. Then consider how important safe, secure 
watertight concrete joints are. 

3. Thorough watertightness can be secured by 
installing Labyrinth Waterstops—a dividend 
that makes the low initial cost of the product 
insignificant when compared to your total in- 
vestment—and one that insures watertight con- 
crete joints for years! 


e Corrugated ribs grip concrete, insure 
an everlasting bond between joints. 

© Finest polyvinyl plastic resists chemical 
action, aging, severe weather. 

¢ Takes just secends to nail to form 
easy to cut and splice on location (pre- 
fabricated fittings available). 

¢ There’s a Water Seal product for every 
type of concrete work! 


It your aim is to stop water seepage, stop it 
effectively with Water Seals’ Waterstops! 
“See Us in SWEET’S” 


New Literature and Free Samples Sent on Re- 
quest—Use Coupon Below 


WATER SEALS, inc. 


9 South Clinton Street, Chicago 6, Illinois 

J. E. Goodman Sales, Ltd. 
Toronto, Ontario 

WATER SEALS, INC. DEPT. 5 

9 S. Clinton Street 

Chicago 6, Illinois 

Please send free sample and descriptive 

literature. 


Made in Canada for 


Name__ 
Company 
Address 
City 
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Scuwartz, Hersert M., Miami Beach, Fla. (Asst. Chf 
Struct. Engr., Rader & Assoc.) 

Secuster, Harotp, New York, N. Y. 
Burns & Roe, Inc.) 

Sevuiers, J. B., Mobile, Ala. (Asst. Supv. of Bridges & 
Blidgs., Louisville & Nashville R. R. Co.) 

Sineu, Batpeo Goorte, San Fernando, Trinidad, West 
Indies (Lab. Testing, Matls. & Research Engrg. 
Dept. of Works & Hydraulics) 

Soka, Ernest, Baltimore, Md. (Engr., Capitol Steel 
Corp.) 

STIRBENS, VINCENT R., Youngstown, Ohio (Sr. Drafts- 
man, Chge., Struct. Engrg., Copperweld Steel Co. 

Swirzer, L. Guenn, Pasadena, Calif. (Switzer Panel 
Corp. & Transit Mixed Concrete Co.) 

Sweitzer, R. J.. Wharton, N. J. (Dir. of Research & 
Devel., Lock Joint Pipe Co.) 

Taytor, C. H., Putaruru, New Zealand (Contractor) 

TRANSATEUR, WERNER A., Bogota, Colombia (Constr 
Engr., Cuellar, Serrano, Gomez & Cia, Ltda.) 

Unrraver, Raymonp E., Urbana, Ill. (Research Assoc 
Dept. of Civil Engrg., Univ. of II.) 

Voer, Orro, Silver Spring, Md. (Reg'd Struct. Engr 

Werces, J., Dunedin, New Zealand (J. Werges & Son 

Witurams, Harry 8., Marion, Va. (Design Engr 
Echols-Sparger & Assocs. 

Witson, Don 8., Redwood City 
Road Comm.) 

Wise, ABRAHAM, Patchogue. L. I., N. Y. (Cons. Engr. 

Witrkowsk!, Lr. Jonn A., c/o FPO, New York, N. Y. 
(Asst. Officer in Chge., U. S. Navy, CEC) 

Woopwortn, Pavut M., Glen Ellyn, Lil. 

Wyckorr, Watrer G., Eggertsville, N. Y. 
Allied Chemical & Dye Corp. 

Yacutn, Gipean, Harrisburg, Pa. (C. E., 
Fleming, Corddy, Carpenter, Inc.) 

Ziverts, Juris, Montreal, Que., Canada (Contract Mgr. 
Creaghan & Archibald Ltd.) 


(Field Supv. 


Calif. (County & 


Field Engr 


Gannett 


Corporation 


Coxe, CHarues & Son, South Bend 
Cole, Jr.) 


Ind. (Charles W 





New, Lower Cost 


Flexible 
POST TENSION CASING 


(Wide Profile) 


ECONOFLEX 


Ask for Bulletin U-100WP 
Quality ... ALL METAL 
FLEXIBLE HOSE PRODUCTS 


UNIVERSAL 
METAL HOSE. CO. 


2101 S. Kedzie Ave., Chicago 23, Ill. 
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CoMPANIA PERUANA DE CEMENTO PORTLAND 
Peru (Angel De Paz Y Arroyo, Gen. Mgr.) 
IstHMIAN Constructrors, INc., Balboa, Canal 

Willis A. Gillogly, Vice-Pres 
LALONDE & VaLots, Montreal 
Lamarre, P. Engr. 


Lima 
Zone 


Que., Canada (Bernard 


Junior 
Apams, Gary Date, Dallas, Tex. (Jr. Asst 
Engr United States Public Health Service) 
ANTRIM, JoHN D., Short Hills, N Grad. Asst 
erete Research, School of Engrg., Purdue 
Cooper, JonNaTHAN A., Hamilton, New Zealand 
C. E., Hamilton City Council) 

GuiLrorp, ALsert A., Angola, Ind. (Instructor, R/C 
Design & Civil Engrg. course, Tri-State College) 
KiLYMAN, Josepu C., Eastport, Md. (Design & Drafting 

Struct. Dept., Whitman & Requardt) 
Knever, Paut R., Allentown, Pa. (Service Engr 
Portland Cement Co.) 

PUMAREJO, JAIME Barranquilla, Colombia 
Engrg., Assoc. Member Mer., Inar Ltda 
RaMIREZ, Jose ANTONIO, Sabana Grande, Puerto Rico 

c. EB.) 


Sanitary 


Con- 
Univ.) 
Asst. 


Lehigh 


Civil 


Student 


AcvuILaR, Ropo.ro J., Baton 
Univ.) 
BAHOOR 
Inst.) 
Conen, Jacques, Champaign, II. 
Crovucn, CHARLEs I 
Methodist Univ.) 
DONNELLY, MicHAErl 
Maine) 
ESTRELLA, 
Fikiki 
Inst. 
HADLEY 


Rouge, La La. 


State 


ArsHAD, Baghdad, Iraq (Higher Industrial 


of I] 


Tex. (Southern 


Univ. 
Grand Prairie 
ALAN, Reading, Mass. (Univ. of 
Atvaro, Ann Arbor 
Kuatip M., Baghdad 


Mich. (U. of M.) 

Iraq (Higher Industrial 
James ALEXANDER, Christchurch, New Zea- 
land (Univ. of Canterbury) 
IBaARRA, LORENZO Cruz, Maricao 

College at Mayaquez, P. R. 
Jounson, WALTER E., Palos Heights, Ill 
Mesias, Luts E. Herrera, Caracas 

de Catolica Bellos) 
POCASANGRE, Savtl 

U of M) 

Skok, Eveene L., Jr., St. Paul 
rayior, Vesprer, Decatur, Ill 

TeRAN P., Epvarpo A. Mier Y, Caracas, Venezuela 

Witsnaw, Ronatp Enocn, Detroit, Micl Wayne 
State Univ.) 


Puerto Rico (AMC 


Bradley Univ 


Venezuela (Univ 


Maximino, Ann Arbor, Mich 


Minn. (Univ. of Minn 


Errata 
The following correction should be made in 
by Valerian 
Leontovich, in the May 1958 JourNat 
p. 995 


“Concept of Elastic Parameters,” 


Line 2 should read in part “‘. . . re- 
actions at the left and right ends of the mem- 
her 
+. « * 
The following corrections should be made in 
Block 
Eennenga, 


‘Transverse Strength of Concrete 
Walls,” by F. W. Cox and J. L. 
in the May 1958 JouRNAL. 

Line 18, delete ‘‘and 7.” 
Line 20, change 650 to 649. 


p. 957 


p. 958 
heading of third column. 
p. 960—Under 
should read in part 


Table 2, add ‘‘Maximum span’’ to 


seventh line 
. the B and D walls 
contained joint reinforcement .. .”’ 


“conclusions,” 
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Tools, Materials, Services 





Under this heading note is made of producer lit- 
erature and products of presumed technical interest 
to ACI users of tools, equipment, materials, acces- 
sories, and special services. 





Air-powered cement feeder 
The Butler Airflomatic cement feeder, according to its 
has no moving parts, no pins or bolts to 


The 


manufacturer 


shear, and no clutches to break, wear, or slip 


feeder employs a cushion of high volume, low pressure 


air on which the cement rides; the current of ¢ is 
supplied by a blower which also aerates and fluffs the 
cement in the overhead bin. No jets for additional air 
is further stated that the feeder is 


quick and easy to install and can be used with all road 


are required. It 


batching or ready-mixed concrete plants regardless of 
make.—Butler Bin Co., Waukesha, Wis 


Soiltest inaugurates quarterly news letter 

To further disseminate information regarding equip- 
ment and progress in testing of soils, concrete, and 
Soiltest, Inc., has instituted a 
Testing World 


The publisher will add names to the 


bituminous materials 


i-page news letter, The which will be 
issued quarterly 
complimentary mailing list on request.—Soiltest, Inc., 
4711 W. North Ave., Chicago 39, Il! 


Marble-like precast stone 


KoverStone is a ‘ nonporous” square cut stone with 


a natural stone-like surface. The manufacturer states 
that the cast stone, developed after 35 years of research 
is free from surface holes, thus preventing the danger 
of water freezing and expanding within the stone, there- 
by eliminating one of the major causes of cracking. It 
is available now in a marbleized white, and blends of 
U. S. Aluminum Siding 
Corp., 10551 West Anderson Place, Franklin Park, III 


buff, brown, and cocoa color. 


Fastening device for plywood forms 

A fastening device for plywood concrete forms holds 
Manufacturer 
reports the new system speeds forming 20 to 40 percent. 
The bracket, called a Ply-Tie holder, is designed for use 
One bracket 
arm has a tear-drop slot which fits over the head of a 


both the form tie and waler in place. 


with conventional fir plywood panels. 
special form tie. The other arm holds the waler. 

The tie holes are predrilled in the plywood, using a 
standardized pattern. Then, the contractor tacks 2 x 4 
studs to the plywood with one of the studs backing the 


and the holder secures the form tie and holds the 
The 


or heavy 


joint 
waler in place according to the manufacturer 
same holder can be used for light, medium 
construction by varying the spacing and thickness of 


and walers.—Trueforms, Inc., 414 Times Square 


Bidg., Seattle 1, Wash 


studs 


Portland cement facts 
Walter J. McCoy 


Portland Cement Co., has prepared a 15-page booklet 


director of research for the Lehigh 


based on addresses recently made before a number of 
concrete conferences. 


rhe title “The ABC's of 


chosen as a convenient 


Portland Cement” was 


way of indicating the three 


The 


review of the history and development of portland ce 


general parts of this booklet first part is a short 
B is a discussion of the 
Part (¢ 
of the finished product 
Booklet copies 


Lehigh Portland Cement Co., 


ment and concrete; Part raw 


materials and manufacturing process explains 
explanation of the chemistry 
and the basic types of portland cement. 
are available on request 


Allentown, Pa 


CONCRETE 
TESTERS 


The World’s Finest 
Low-Cost 
Precision Testers 


For 


CYLINDERS 
CUBES 


BLOCKS 
BEAMS 
PIPE 


iF IT'S A CONCRETE TESTER 
YOU NEED-GET IN TOUCH W!TH 


FORNEY 'S, Inc. 


TESTER DIVISION 
P.0.BOX 310 . NEW CASTLE, PA. 
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Mix-elevator units 

Model 600 and Model 610, Airplaco Mix-Elevators, 
designed for high production and continuous aggregate 
and screening for all 


proportioning, mixing, elevating 


concrete guns, are basically the same except that the 


Model 610 incorporates a built-in aggregate dryer 
which makes it possible to reduce the moisture content 
With this reduction in 


manufacturer reports, the gun 


of the sand by 2 to 5 percent. 
moisture content, the 
ning operation can be continued in wet weather or when 
the moisture content of the sand is too high to permit a 


satisfactory operation otherwise. 


June 1958 


The drying apparatus includes a 750,000 Btu pro- 
pane or LP gas burner, with the necessary duct work 
directing the hot air blast into the sand bin and along 
the length of the mixing trough. Both models can be 
operated at any desired rate up to 12 cu yd per hr.—Air 
Placement Equipment Co., 1009 W. 24th St., 
Mo 


Kansas City, 


Aeration system for blending dry pulverized 
materials in bulk 

An innovation in the blending of dry bulk pulverized 
materials which reduces deviations in unblended com- 
ponents down to + 0.2 percent was recently announced 
Known as “Fuller Airmerge Quadrant Blending,” it is 
aeration system and can be 
fluidized by 
these would include cement, fly ash, 


basically an used on any 


materials which can be compressed air 
and materials with 
similar physical characteristics. The system is suited for 
use in either batch or.continuous schemes of operation. 


—Fuller Co., Catasauqua, Pa 


Slurry pump 


Bulletin 185 describes capacities and applications of 
low-speed RX slurry 
sand, coal, and other 


heavy-duty. pump for cement 
data and 


specifications for continuous duty heavy, fine, or coarse 


solids. Operating 
slurries are given. Pump is designed to handle abrasives 
up to maximum fluid consistency under suction lift or 
positive 


N. Y 


ESTERN 


head.—Morris Machine Works, Baldwinsville, 


WATERPROOFING COMPANY 


restores 
concrete piers of 
MacArthur Bridge, 
Burlington, lowa 


other WESTERN services 


hen the concrete 
bridge piers began to dis- 
integrate so badly that re- 
inforcing was exposed, 
Western was called on to 
do the repair job. The piers 
were restored with gun- 
applied concrete and 
weather-proofed with spe- 
cial water-repellent grout. 
The caps, in exceptionally 
poor condition, were com- 
pletely rebuilt. 

Prevent serious structural 
weakness and huge repair 
bills on any concrete struc- 
ture...consult Western. 
All work done under con- 
tract, fully insured and 
an ge No materials 
for sale. *T. M. Reg. 


7 ESE LLL 


oe ATERPROOFING CO., INC. 


* BUILDING CLEANING . a or 


© TUCKPOINTING 


RESTORATION COMPANY 


© SUB-SURFACE yndicote Trust Bidg = Mis 


WATERPROOFING 


NATIONWIDE SERVICE 





NEWS 


Literature Available 

Pertinent details on the latest equipment and 
products on the market are available in recently 
released literature. Exact titles of the booklets 
and catalogs are indicated in capital letters. They 
may be requested directly from the manufacturers 
listed below. 





GRAVEL BENEFICATION PLANTS 


booklet describes the removal of soft stones from ag- 


an illustrated 


gregate, explains the theory of the Blaw-Knox bene- 
fication process for economical production of high grade 
aggregate from local gravel deposits.—Blaw-Knox Co., 
Construction Equipment Division, Mattoon, III 


HERE IT folder introduced 


surfacing material Penntrowel for corrosion protection 


IsS— describes recently 


of concrete. Shows how, when, and where to use. 
Pennsalt Chemicals Corp., 3 Penn Center, Philadelphia, 


Pa 


THE PRESCON SYSTEM and de- 
velopment of concrete prestressing, particularly post- 


covers history 
tensioning by the Prescon method. Guide specifications 
and detail drawings are included 
Box 4186, Corpus Christi, Tex. 


The Prescon Corp., 


PHILLIPS RED HEAD BUYERS GUIDE, No. 57 

Illustrated catalog devoted to concrete fasteners in- 
cludes prices, test reports, specification data, and com- 
parative charts.—Phillips Drill Co., Michigan City, Ind. 


LETTER 55 


RIMAS CONCRETE PIPE VIBRATING MaA- 
CHINE, TYPE 602 and RIMAS CONCRETE PIPE 
VIBRATING MACHINE TYPE 1001 


folders each giving complete description of the respective 


Two separate 
models, state production scope, production capacity 
and advantages of each unit. Type 602 is suitable for 
manufacturing concrete pipes in diameters from 10 to 
60 em; Type 1001 is designed for manufacturing con- 
10 to 120 em.—Ringsted 
and Maskinfabrik, Ltd., Ringsted, Denmark 


crete pipes from Jernstoberi 


STRESSTEEL POST-TENSIONING No 


SS-3, 23-pages, pictures typical uses of Stressteel in 


Catalog 
bridges, building frames, cast-in-place structural mem 
bers, pavements, dams and retaining walls, prestressed 
tanks, and strengthening existing structures Shows 
components of Stressteel tensioning units, specifications 
and recommended Stressteel 991 


procedures Corp., 


Conynham Ave., Wilkes-Barre, Pa 


CONCRETE 

STRUCTIONS 
16 
practical application. 


PRESSURE 


-revised 


PIPE 
of 
boils technical 


LAYING 
this pocket 
data 
On-the-job photos with brief 


IN- 
edition size 


manual, in pages down to 


explanations illustrate step-by-step procedure in con- 
‘rete pipe laying; tables of pipe sizes and deflection 
data are included.—Price Brothers Co., 1932 East Monu- 
ment Ave., Dayton, Ohio 


WORLD'S MOST WIDELY 
USED AIR METERS 


First in Design—First in Sales 
Guaranteed Accuracy for Testing Air Entrained Concrete 


Fast e 


Simple to Operate A 


PRESS-UR-METER 


remains 


Sample 


intact. 


Small 


amount of 


water used in test permits using same sample 
for slump and compression tests. Universal 


acceptance — America, 


Europe and Asia. 


Specific gravity and moisture deter- 
minations quickly made using chart. 


Simplified 
weight 


concrete. 


ROLL-A-METER 


device for testing light 


Precision instru- 


ment made of solid bronze. Requires 
no computation — no special train- 
ing. Reliable — durable. 


ASTM Designation: C173-55T 
Write or wire exclusive sales agents 


CHARLES 


R. WATTS CO. 


4121 6th Ave., N.W.—Seattle 7, Wash. 
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Dockstader retires after 40 years 
with Stone and Webster 

After more than 40 years active engineering 
practice with Stone and Webster Engineering 
Corp., Boston, Ernest A. Dockstader recently 
A member of ACI 
since 1922, Mr. Dockstader has been active in 
In 1925 he 


was awarded the Wason Medal for his paper, 


announced his retirement. 
Institute affairs for many years. 


“Report of Tests Made to Determine the 
Temperatures in Reinforced-Concrete Chim- 
ney Shells,’ judged to be the most meritorious 
paper of the year. 

He served as chairman of ACI Committee 
505 for several vears while the committee was 
in the process of studying and revising an 
existing standard, ultimately resulting in the 
adoption in 1954 of “Specification for the 
Design and Construction of Reinforced Con- 
crete Chimneys (ACI 505-54).””. Mr. Dock- 
stader is currently serving as ACI representa- 


June 1958 


tive to the American Standards Association, 
Sectional Committee A52, Building Code. 
Expansion joint group elects 
officers 

Wallace C. Fischer, president of Servicised 
Products Corp., Chicago, was elected presi- 
dent of the Expansion Joint Institute at its 
William EF. 


meister, sales manager of the construction 


recent annual meeting. Hage- 
materials division of Presstite-Keystone En- 
gineering Products Co., a division of Ameri- 
can-Marietta Co., St. Louis, was elected vice- 
president of the group. H. G. Meadows, 
president of W. R. Meadows, Inc., Elgin, IIl., 
was elected treasurer. 

F. W. 
roofing and allied products department of the 


Lagerquist, merchandise manager, 


Celotex Corp., Chicago, a past president of the 
Expansion Joint Institute, was elected to the 
board of incoming 


directors as were the 


officers. 





ACI Conerete Primer 


The 1958 edition of the ACI Concrete Primer brings developments of the past 
three decades into the question-and-answer format of this long-popular hand- 
book. Expanded to 72 pages, the revised edition retains its handy pocket 
size. It develops in simple terms the principles governing concrete mixtures, 
and shows how a knowledge of these principles and of the properties of cement 
can be applied to the production of permanent structures in concrete. 


American Concrete Institute 
P.O. Box 4754, Redford Station 
Detroit 19, Michigan 


Please send_____ copies of the 1958 edition of the ACI Concrete Primer. 
($0.50 for ACI members, $1.00 for nonmembers) 


Check (or money order) enclosed for amount 


Name 
Address 


City... 














NEWS LETTER 


Conveying cement from 
silos to bulk-cement truck. 


Conveying cement from 
silos to hopper-bottom car. 


Airslides conveying cement to five Fuller-Kinyon 
Pumps. Pumps convey cement to storage silos. 


Airslide underneath storage silo. Fuller rotary 
: valve under cone of silo for control of discharge to 
bm Airslide. Note branch Airslide, left. 


AIRSLIDES . . . everywhere you look! 


Everywhere you go, wherever dry fine materials are being handled, you will find more 
and more F-H Airslide® fluidizing conveyors being put to work. And, there are many 


sound reasons for its universal acceptance. What other conveyor gives you all these 
advantages: 


* No moving parts * Permits flexibility of plant design 
* No lubrication * Reduces labor charges for repairs and 
* Low-power consumption replacements 


¢ Air at low pressure * No large stock of repair parts 
* Noiseless and dustless operation * Ease of erection, light in weight 


Result: production flowing smoothly at minimum expense. 


The Airslide can be used singly or in combination with other Fuller conveying 
systems, such as the Airveyor® or Fuller-Kinyon Pump. 


If your operation involves conveying of dry fine materials, take a step forward and 
consult us. Fuller engineers can show you, as they have others, how the Airslide can 


“carry the load’’ in a way you never thought possible. For details write for descriptive 
bulletin FH-2B. 


FH-56 
4022 


FULLER COMPANY, 116 Bridge St., Catasauqua, Pa. 


SUBSIDIARY OF GENERAL AMERICAN TRANSPORTATION CORPORATION 
Birmingham -* Chicago * Kansas City * Los Angeles * San Francisco * Seattle 
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Reinforced Concrete Design 


SIMPLIFIED... 























ACI .»« these tables 
’ Reinforced save time & effort 


Concrete The means to solve most R/C design problems 


f quickly, easily, and accurately can be yours with 


; D : the ACI Reinforced Concrete Design Handbook. It 
: esign clearly explains methods for mastering the design 
, of flexural members, stirrups, columns, square 
i andbook spread footings, and pile footings. Tables cover as 
; wide a range of unit stresses as may be met in 
: ene general practice. It reduces the design of members 
5 Second Edition under combined bending and axial load to the 
$3 50 same simple form as that used in common flexural 
} ° problems. A revised edition of a book that has 
(ACI Members $2.00) become a basic text in reinforced concrete design, 
| the handbook is useful to both students and practic- 
- ing engineers. 
, ERI 
Peay 
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DISCUSSION, PROCEEDINGS V. 54 


Discussion of papers published in the October through December, 1957 
JOURNALS appears in the concluding pages of this June issue, as the 
Institute continues its quarterly publication of discussion. Papers published 
July through September, 1957, were discussed in the March, 1958 issue; 
discussion of papers published January through March, 1958 will be published 
in Part 2, September, 1958 AC] JOURNAL. April through June discussion 
will appear in Part 2, December, 1958 along with index and errata for V. 54. 


Listed below are the papers whose discussion is published in this JOURNAL. 


Disc. 54-15 Ultimate Shear Strength of Reinforced Concrete Flat Slabs, 
Footings, Beams, and Frame Members Without Shear Rein- 
forcement, Charles S. Whitney 


Lightweight-Aggregate Concrete for Structural Use, hideler 


Construction of the Dallas Memorial Auditorium, 
Jack E. Rosenlund 


Ultimate Torsional Properties of Rectangular Reinforced 
Concrete Beams, G. C. Ernst. 


A Critical Look at Slab wna Methods, K. E. McKee and 
E. |. Fiesenheiser. ; 


Bearing Capacity of Concrete, William Shelson... 


Proposed Revision of ACI Standard 711-53, Minimum Standard 
Requirements for Precast Concrete Floor and Roof Units, 
ACI Committee 711. 


Failures of Concrete Structures, Jacob Feld. 


Ultimate Strength Design Charts for Columns Controlled by 
Tension, Tung Au... 


Proportioning, Control, and Field Practice for Lightweight 
Concrete, Truman R. Jones, Jr., and Henson K. Stephenson 





